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Foreword 


The publication of this book in 1981 led to a widespread discussion, 
partly stimulated by the controversy that broke out a few months 
after it appeared. An editorial attack in Nature entitled A book for 
burning? put forward as its most serious objection that ‘many 
readers will be left with the impression that Sheldrake has suc- 
ceeded in finding a place for magic within scientific discussion’.! 
The claim that the hypothesis of formative causation can be tested 
was described as preposterous. A lively correspondence ensued in 
Natures Letters columns.” On the other hand, the New Scientist 
described the hypothesis as ‘good science’,’ and gave considerable 
attention to it.* The discussion has continued in the press, and on 
radio and television. Comparable debates have been taking place 
in the United States and Western Europe. Translations of this 
book have been published in Dutch, French, German and Swedish, 
and it will soon appear in Japanese. 

Meanwhile, in a series of meetings and conferences, particularly 
in the United States, some of the implications of these ideas have 
been explored by scientists from a range of disciplines, and also by 
philosophers. Several seminars have been held to devise new 
methods of experimental testing.° 

In October 1982, the Tarrytown Group of New York announced 
the offer of a $10,000 prize for the best test of this hypothesis, to 
be completed before 1 January 1986. A Dutch foundation is 
offering a second prize of $5,000 in the same competition. Entries 
may, of course, either support or go against the hypothesis. They 
will be evaluated by an international panel of judges: Dr David 
Bohm, Professor of Physics at Birkbeck College, London; Dr 
Marco de Vries, Professor of Pathology at the Erasmus University, 
Rotterdam; Dr David Deamer, Professor of Zoology at the Univer- 
sity of California, Davis; and Dr Michael Ovenden, Professor of 
Astronomy at the University of British Columbia.* 


*Note to paperback edition: the Tarrytown prizes were awarded in June 1986. 
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At the same time as the Tarrytown Prize was announced, the 
New Scientist ran a competition for the best suggestions for 
experimental designs, with an emphasis on ones which would be 
relatively cheap and easy to perform. Dozens of entries were 
received from all over the world, and the winning ones were 
selected by a panel consisting of a psychologist, a biologist and a 
physicist: Dr Alan Gauld, of Nottingham University; Professor 
Steven Rose, of the Open University; and Professor Martin Rees, 
of Cambridge University. The winners were Dr Richard Gentle, 
of Nottingham Polytechnic; Dr Susan Blackmore, of Bristol Uni- 
versity; and Dr Vernon Neppe, of! Cornell University Medical 
School, New York.’ 

Many of the suggestions submitted for this competition con- 
cerned experiments on human learning, as did two of the winning 
entries. In the ensuing discussion, several further types of experi- 
ment were proposed, most fruitfully by Dr Nick Humphrey. He 
pointed out that if this hypothesis is correct, it should become 
easier for people to spot hidden images in puzzle pictures after 
many other people have already spotted them. In the summer of 
1983, Thames Television provided an opportunity to test for this 
effect. The results of the experiment indicated that after two 
million people in Britain had been shown the answer, the hidden 
image in a puzzle picture was indeed significantly easier for people 
all over the world to see. A control picture which was not shown 
on television did not become significantly easier to spot. An even 
larger scale international experiment of this type has just been 
carried out in conjunction with BBC television. 

The published comments and discussion about the hypothesis 
are widely scattered in a variety of newspapers and periodicals. My 
publishers and I think that some of these are likely to be of interest 
to readers of this book, and accordingly we have made a selection 
which are printed in an Appendix to this edition. The first two 
sections of the Appendix deal with Comments and Controversies and 
Discussions. In the Competitions section, the results of the New 
Scientist competition are reprinted, together with further details 
about the Tarrytown Prize. Finally, in Experiments, the results of 
the 1983 hidden image test are reprinted from the New Scientist, 
and the results of the recent BBC television experiment are 
summarized. 
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A variety of other experiments are in progress throughout the 
world, some in the realm of human psychology, others in biology, 
molecular biology and chemistry. I expect that within a few years it 
should be possible to know whether or not the hypothesis of 
formative causation is pointing in the right direction. 


Newark-on-Trent 
March 1985 
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Preface 


Most biologists take it for granted that living organisms are nothing 
but complex machines, governed only by the known laws of physics 

` and chemistry. I myself used to share this point of view. But over a 
period of several years I came to see that such an assumption is 
difficult to justify. For when so little is actually understood, there is 
an open possibility that at least some of the phenomena of life 
depend on laws or factors as yet unrecognized by the physical 
sciences. 

The more I thought about the unsolved problems of biology, 
the more convinced I became that the conventional approach is 
unnecessarily restrictive. I started trying to imagine the possible 
outlines of a broader science of life. In this process the hypothesis 
put forward in the following pages gradually took shape. Like any 
new hypothesis, it is essentially speculative, and it will have to be 
tested experimentally before its value can be judged. 

My interest in these problems was stimulated through my 
association, dating from 1966, with a group of scientists and 
philosophers engaged in the exploration of areas between science, 
philosophy and religion. This group, called the Epiphany Philos- 
ophers, provided many opportunities for discussions at seminars 
and informal meetings in Cambridge, and during stays on the 
Norfolk coast in the Tower Mill at Burnham Overy Staithe. Among 
the members of this group, I am especially indebted to Professor 
Richard Braithwaite, Miss Margaret Masterman, the Reverend 
Geoffrey and Mrs Gladys Keable, Miss Joan Miller, Dr Ted 
Bastin, Dr Christopher Clarke, and Professor Dorothy Emmet, the 
editor of Theoria to Theory, the group’s quarterly journal. 

From 1974 to 1978, when I worked in India at the International 
Crops Research Institute for the Semi-Arid Tropics, I had many 
valuable discussions with friends and colleagues in Hyderabad, 
and the late Mrs J.B.S. Haldane ibaa gave me the freedom 
of her large library. 

The first draft of this book was written during a stay of a year 
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and a half at Shantivanam Ashram, in the Trichinopoly District of 
Tamil Nadu. I am grateful to the members of the community for 
helping to make my stay there so happy, and I owe more than I can 
say to Dom Bede Griffiths, to whom this work is dedicated. Miss 
Dina Nanavathy, of the British Council Library in Bombay, kindly 
kept me supplied with the books I needed. 

In the writing and revision of the second draft, after returning to 
England, I was greatly helped by the advice and encouragement of 
my friends, and by criticisms and comments from more than fifty 
people who read the various typescripts. In particular I would like 
to thank Mr Anthony Appiah, Dr John Beloff, Professor Richard 
Braithwaite, Dr Keith Campbell, Mrs Jennifer Chambers, Dr 
Christopher Clarke, the Marchioness of Dufferin and Ava, Pro- 
fessor Dorothy Emmet, Dr Roger Freedman, Dr Alan Gauld, Dr 
Brian Goodwin, Dr John Green, Mr David Hart, Professor Mary 
Hesse, Mrs Gladys Keable, Dr Richard LePage, Miss Margaret 
Masterman, Professor Michael Morgan, Mr Frank O’Meara, Mr 
Jeremy Prynne, the Honourable Anthony Ramsay, Mrs Jillian 
Robertson, Dr Tsui Sachs, Professor W.H. Thorpe, FRS, Dr Ian 
Thompson, Mrs R. Tickell (Renée Haynes), Fr E. Ugarte, SJ., 
and Dr Norman Williams. 

I am very grateful to Dr Keith Roberts for doing the drawings 
and diagrams in this book. Dr Peter Lawrence kindly provided the 
fruit flies on which the drawings in Figure 17 are based, and Mr 
Brian Snoad the pea leaves shown in Figure 18. 

I thank Mr Mohammed Ibrahim, Mrs Pat Thoburn and Mrs 
Eithne Thompson for typing the drafts, and Mr Philip Kestelman 
and Mrs Jenny Reed for their help in reading the proofs. 


Hyderabad 
March 1981 


Introduction 


At present, the orthodox approach to biology is given by the 
mechanistic theory of life: living organisms are regarded as physico- 
chemical machines, and all the phenomena of life are considered 
to be explicable in principle in terms of physics and chemistry.’ 
This mechanistic paradigm? is by no means new; it has in fact 
been predominant for over a century. The main reason why most 
biologists continue to adhere to it is that it works: it provides a 
framework of thought within which questions about the physico- 
chemical mechanisms of life-processes can be asked and answered. 

The fact that this approach has resulted in spectacular successes 
such as the ‘cracking of the genetic code’ is a strong argument in 
its favour. Nevertheless, critics have put forward what seem to be 
good reasons for doubting that all the phenomena of life, including 
human behaviour, can ever be explained entirely mechanisti- 
cally.2 But even if the mechanistic approach were admitted to be 
severely limited not only in practice but in principle, it could not 
simply be abandoned; at present it is the only approach available to 
experimental biology, and will undoubtedly continue to be followed 
until there is some positive alternative. 

Any new theory capable of extending or going beyond the 
mechanistic .theory will have to do more than assert that life 
involves qualities or factors at present unrecognized by the physical 
sciences: it will have to say what sorts of things these qualities or 
factors are, how they work, and what relationship they have to 
known physico-chemical processes. 

The simplest way in which the mechanistic theory could be 
modified would be to suppose that the phenomena of life depend 
on a new type of causal factor, unknown to the physical sciences, 
which interacts with physico-chemical processes within living 
organisms. Several versions of this vitalist theory have been pro- 
posed during the present century,* but none has succeeded in 
making predictions that can be tested, or in suggesting new kinds 
of experiments. If, to quote Sir Kari Popper, ‘the criterion of the 
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scientific status of a theory is its falsifiability, or refutability, or 
testability’, vitalism has so far failed to qualify. 

The organismic or holistic philosophy provides a context for 
what could be a yet more radical revision of the mechanistic theory. 
This philosophy denies that everything in the universe can be 
explained from the bottom up, as it were, in terms of the properties 
of atoms, or indeed of any hypothetical ultimate particles of matter. 
Rather, it recognizes the existence of hierarchically organized 
systems which, at each level of complexity, possess properties 
which cannot be fully understood in terms of the properties 
exhibited by their parts in isolation from each other; at each level 
the whole is more than the sum of its parts. These wholes can be 
thought of as organisms, using this term in a deliberately wide sense 
to include not only animals and plants, organs, tissues and cells, 
but also crystals, molecules, atoms and sub-atomic particles. In 
effect this philosophy proposes a change from the paradigm of the 
machine to the paradigm of the organism in the biological and in 
the physical sciences. In A.N. Whitehead’s well-known phrase: 
‘Biology is the study of the larger organisms, whereas physics is 
the study of the smaller organisms.® 

Various versions of this organismic philosophy have been advo- 
cated by many writers, including biologists, for over 50 years.” But 
if organicism is to have more than a superficial influence on the 
natural sciences, it must be able to give rise to testable predictions. 
It has not yet done so.’ 

The reasons for this failure are illustrated most clearly in the 
areas of biology where the organismic philosophy has been most 
influential, namely embryology and developmental biology. The 
most important organismic concept put forward so far is that of 
morphogenetic fields? These fields are supposed to help account 
for, or describe, the coming-into-being of the characteristic forms 
of embryos and other developing systems. The trouble is that this 
concept is used ambiguously. The term itself seems to imply the 
existence of a new type of physical field which plays a role in the 
development of form. But some organismic theoreticians deny that 
they are suggesting the existence of any new type of field, entity or 
factor at present unrecognized by physics;'° rather, they use this 
organismic terminology to provide a new way of talking about 
complex physico-chemical systems.'' This approach seems 
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unlikely to lead very far. The concept of morphogenetic fields can 
be of practical scientific value only if it leads to testable predictions 
which differ from those of the conventional mechanistic theory. 
And such predictions cannot be made unless morphogenetic fields 
are considered to have measurable effects. 

The hypothesis put forward in this book is based on the idea 
that morphogenetic fields do indeed have measurable physical 
effects. It proposes that specific morphogenetic fields are respon- 
sible for the characteristic form and organization of systems at all 
levels of complexity, not only in the realm of biology, but also in 
the realms of chemistry and physics. These fields order the systems 
with which they are associated by affecting events which, from an 
energetic point of view, appear to be indeterminate or probabilistic; 
they impose patterned restrictions on the energetically possible 
outcomes of physical processes. 

If morphogenetic fields are responsible for the organization and 
form of material systems, they must themselves have characteristic 
structures. So where do these field-structures come from? The 
answer suggested is that they are derived from the morphogenetic 
fields associated with previous similar systems: the morphogenetic 
fields of all past systems become present to any subsequent similar 
system; the structures of past systems affect subsequent similar 
systems by a cumulative influence which acts across both space and 
time. 

According to this hypothesis, systems are organized in the way 
they are because similar systems were organized that way in the 
past. For example, the molecules of a complex organic chemical 
crystallize in a characteristic pattern because the same substance 
crystallized that way before; a plant takes up the form characteristic 
of its species because past members of the species took up that 
form; and an animal acts instinctively in a particular manner 
because similar animals behaved like that previously. 

The hypothesis is concerned with the repetition of forms and 
patterns of organization; the question of the origin of these forms 
and patterns lies outside its scope. This question can be answered 
in several different ways, but all of them seem to be equally 
compatible with the suggested means of repetition. 

A number of testable predictions can be deduced from this 
hypothesis which differ strikingly from those of the conventional 
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mechanistic theory. A single example will suffice: if an animal, say 
a rat, learns to carry out a new pattern of behaviour, there will be a 
tendency for any subsequent similar rat (of the same breed, reared 
under similar conditions, etc.) to learn more quickly to carry out 
the same pattern of behaviour. The larger the number of rats that 
learn to perform the task, the easier should it be for any subsequent 
similar rat to learn it. Thus, for instance, if thousands of rats were 
trained to perform a new task in a laboratory in London, similar 
rats should learn to carry out the same task more quickly in 
laboratories everywhere else. If the speed of learning of rats in 
another laboratory, say in New York, were to be measured before 
and after the rats in London were trained, the rats tested on the 
second occasion should learn more quickly than those tested on 
the first. The effect should take place in the absence of any known 
type of physical connection or communication between the two 
laboratories. 

Such a prediction may seem so improbable as to be absurd. Yet, 
remarkably enough, there is already evidence from laboratory 
studies of rats that the predicted effect actually occurs." 

This hypothesis, called the hypothesis of formative causation, 
leads to an interpretation of many physical and biological phenom- 
ena which is radically different from that of existing theories, and 
enables a number of well-known problems to be seen in a new 
light. In the present book, it is sketched out in a preliminary form, 
some of its implications are discussed, and various ways in which it 
could be tested are suggested. 


Notes 


1 For a particularly lucid exposition, see Monod (1972). 

2 In the sense of Kuhn (1962). 

3 E.g. Russell (1945); Elsasser (1958); Polanyi (1958); Beloff 
(1962); Koestler (1967); Lenartowicz (1975); Popper and 
Eccles (1977); Thorpe (1978). 

4 E.g. Driesch (1908); Bergson (191 1a, b). For a discussion of 
the vitalist approach, see Sheldrake (1980b). 

5 Popper (1965), p.37. 

6 Whitehead (1928). 


20 Introduction 


7 E.g. Woodger (1929); von Bertalanffy (1933); Whyte (1949); 
Elsasser (1966); Koestler (1967); Leclerc (1972). 

8 In a recent conference on ‘Problems of Reduction in Biology’, 
the failure of the organismic approach to make any significant 
difference to the pursuit of biological research was illustrated 
by the widespread agreement between mechanists and organi- 
cists in practice. This led one participant to observe that ‘the 
reductionist/antireductionist arguments among biologists may 
have as little relevance and impact on the direction of biology 
as similar arguments conducted in the abstract by philosophers’. 
(Ayala and Dobzhansky (eds), 1972, p.85.) 

9 A classical account can be found in Weiss (1939). 

10 E.g. Elsasser (1966, 1975); von Bertalanffy (1971). 

11 See for example the discussion between C.H. Waddington and 
R. Thom in Waddington (ed.) (1969), p.242. 

12 This point is discussed in the final chapter of the present book. 

13 This evidence is discussed in Section 11.2 below. 


1 
The Unsolved Problems of Biology 


1.1 The background of success 


The goal of mechanistic biological research was stated particularly 
clearly over a hundred years ago by T.H. Huxley in the following 
definition: 


‘Zoological physiology is the doctrine of the functions or actions of 
animals. It regards animal bodies as machines impelled by various forces 
and performing a certain amount of work which can be expressed in terms 
of the ordinary forces of nature. The final object of physiology is to 
deduce the facts of morphology on the one hand, and those of ecology on 
the other, from the laws of the molecular forces of matter.’! 


The subsequent developments of physiology, biochemistry, bio- 
physics, genetics and molecular biology are all foreshadowed in 
these ideas. In many respects these sciences have been brilliantly 
successful, none more so than molecular biology. The discovery of 
the structure of DNA, the ‘cracking of the genetic code’ and the 
elucidation of the mechanism of protein synthesis seem to be 
impressive confirmations of the validity of the mechanistic 
approach. 

The most articulate and influential modern advocates of the 
mechanistic theory are molecular biologists. Their accounts of the 
theory usually begin with a brief dismissal of the vitalist. and 
organismic theories. These are defined as survivals of ‘primitive’ 
beliefs which are bound to retreat further and further as mechan- 
istic biology advances. The accounts then proceed along the 
following lines:” 

The chemical nature of the genetic material, DNA, is now 
known and so is the genetic code by which it codes for the 
sequence of amino acids in proteins. The mechanism of protein 
synthesis is understood in considerable detail. The structure of 
many proteins has now been worked out. All enzymes are proteins, 
and enzymes catalyse the complex chains and cycles of biochemical 
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reactions which constitute the metabolism of an organism. Metab- 
olism is controlled by biochemical feedback and several mechan- 
isms are known by which the rates of enzymic activity can be 
regulated. Proteins and nucleic acids aggregate spontaneously to 
form structures such as viruses and ribosomes. Given the range of 
properties of proteins, plus the properties of other physico-chemical 
systems such as lipid membranes, the properties of living cells can, 
in principle, be fully explained. 

The key to the problems of differentiation and development, 
about which very little is known, is the understanding of the control 
of protein synthesis. The way in which the synthesis of certain 
metabolic enzymes and other proteins is controlled is understood 
in detail in the bacterium Escherischia coli. The control of protein 
synthesis takes place by more complicated mechanisms in higher 
organisms, but these should soon be elucidated. Thus differen- 
tiation and development should be explicable in terms of series of 
chemically operated ‘switches’, which ‘switch on’ or ‘switch off 
genes or groups of genes. 

The way in which the parts of living organisms are adapted to 
the functions of the whole, and the apparent purposiveness of the 
structure and behaviour of living organisms, can be explained in 
terms of random genetic mutations followed by natural selection, 
such that those genes which increase the ability of an organism to 
survive and reproduce will be selected for; harmful mutations will 
_ be eliminated. Thus the neo-Darwinian theory of evolution can 
account for purposiveness; it is totally unnecessary to suppose that 
any mysterious ‘vital factors’ are involved. 

Very little is known about the functioning of the central nervous 
system, but eventually the advances of biochemistry, biophysics 
and electro-physiology should be able to explain what we speak of 
as the mind in terms of physico-chemical mechanisms in the brain. 
Thus living organisms are, in principle, fully explicable in terms of 
physics and chemistry. Our present ignorance about the mechan- 
isms of development and about the central nervous system is due 
to the enormous complexity of the problems; but now, armed with 
the powerful new concepts of molecular biology and with the aid 
of computer models, these subjects can be tackled on a scale and 
in a way not previously possible. 


The problems of morphogenesis 23 


In the light of past successes, this optimism that all the problems 
of biology can ultimately be solved mechanistically is understand- 
able. But a realistic opinion about the prospects for mechanistic 
explanation must depend on more than historical extrapolation; it 
can only be formed after a consideration of the outstanding 
problems of biology, and of the ways in which they might conceiv- 
ably be solved. 


1.2 The problems of morphogenesis 


Biological morphogenesis can be defined as the ‘coming-into- 
being of characteristic and specific form in living organisms.” 
The first problem is precisely that form comes into being. Biological 
development is epigenetic. new structures appear which cannot be 
explained in terms of the unfolding or growth of structures which 
are already present in the egg at the beginning of development. 

The second problem is that many developing systems are able to 
regulate; in other words if a part of a developing system is removed 
(or if an additional part is added), the system continues to develop 
in such a way that a more or less normal structure is produced. 
The classical demonstration of this phenomenon was provided in 
the 1890s in H. Driesch’s experiments on sea-urchin embryos. 
When one of the cells of a very young embryo at the two-celled 
stage was killed, the remaining cell gave rise not to half a sea- 
urchin, but to a small but complete sea-urchin. Similarly, small but 
complete organisms developed after the destruction of any one, 
two or three cells of embryos at the four-celled stage. Conversely, 
the fusion of two young sea-urchin embryos resulted in the 
development of one giant sea-urchin.* 

Regulation has been demonstrated in many developing systems. 
However, as development proceeds this capacity is often lost as the 
fate of different regions becomes determined. But even in systems 
where determination occurs at an early stage, for example insect 
embryos, regulation can occur after damage to the egg (Fig. 1). 

Results of this type show that developing systems proceed 
towards a morphological goal, and that they have some property 
which specifies this goal and enables them to reach it even if parts 
of the system are removed and the normal course of development 
is disturbed. 
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Figure 1 An example of regulation. On the left is a normal embryo of 
the dragonfly Platycnemis pennipes. On the right is a small but complete 
embryo formed from the posterior half of an egg ligated around the 
middle soon after laying. (After Weiss, 1939.) 
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Figure 2 Regeneration of a lens from the margin of the iris in a newt’s 
eye after the surgical removal of the original lens. (Cf. Needham, 1942.) 
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The third problem is that of regeneration, whereby organisms 
are able to replace or restore damaged structures. Plants show an 
amazing range of regenerative abilities, and so do many of the 
lower animals; if a flatworm, for example, is cut up into several 
pieces, each can regenerate into a complete worm. Even many 
vertebrates possess striking powers of regeneration; for example, if 
the lens is surgically removed from a newt’s eye, a new lens 
regenerates from the edge of the iris (Fig. 2); in normal embryonic 
development the lens is formed in a very different way, from the 
skin. This type of regeneration was first discovered by G. Wolff, 
who deliberately chose a kind of mutilation which could not have 
occurred accidentally in nature; there could therefore have been 
no natural selection for this particular regenerative process.° 

The fourth problem is posed by the simple fact of reproduction: 
a detached part of the parent becomes a new organism; a part 
becomes a whole. 


The only way in which these phenomena can be understood is in 
terms of causal entities which are somehow more than the sum of 
the parts of the developing systems, and which determine the goals 
of the processes of development. 

Vitalists ascribe these properties to vital factors, organicists to 
morphogenetic fields, and mechanists to genetic programmes. 

The concept of genetic programmes is based on an analogy with 
the programmes that direct the activities of computers. It implies 
that the fertilized egg contains a pre-formed programme which 
somehow specifies the organism’s morphogenetic goals and co- 
ordinates and controls its development towards them. But the 
genetic programme must involve something more than the chemical 
structure of DNA, because identical copies of DNA are passed on 
to all cells; if all cells were programmed identically, they could not 
develop differently. So what exactly is it? In response to this 
question, the idea can only disintegrate into vague suggestions 
about physico-chemical interactions somehow structured in time 
and space; the problem is merely re-stated.° 

There is a further serious difficulty. A computer programme is 
put into a computer by an intelligent conscious being, the computer 
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programmer. It is designed and written in order to achieve some 
definite computational goal. In so far as the genetic programme is 
regarded as analogous to a computer programme, it implies the 
existence of some purposive entity which plays the role of the 
programmer. But if it is argued that genetic programmes are not 
analogous to ordinary computer programmes, but to those of self- 
reproducing, self-organizing computers, the problem is that such 
computers do not exist. And even if they did, they would have to 
have been programmed in the most elaborate way by their inventors 
to start with. The only way out of this dilemma is to say that the 
genetic programme has been built up in the course of evolution by 
a combination of chance mutations and natural selection. But then 
the similarity to a computer programme disappears and the analogy 
becomes meaningless. 

Orthodox mechanists reject the idea that the seemingly goal- 
directed behaviour of developing, regulating and regenerating 
organisms indicates that they are under the control of a vital factor 
which guides them to their morphological goals. But in so far as 
mechanistic explanations depend on teleological concepts such as 
genetic programmes or genetic instructions, goal-directedness can 
be explained only because it has already been smuggled in. Indeed 
the properties attributed to genetic programmes are remarkably 
similar to those with which vitalists endowed their hypothetical 
vital factors; ironically, the genetic programme seems to be very 
like a vital factor in a mechanistic guise.’ 

Of course, the fact that biological morphogenesis cannot be 
explained in a rigorously mechanistic manner at present does not 
prove that it never will be. The prospects for arriving at such an 
explanation in the future are considered in the next chapter. But 
for the time being no conclusive answer is possible. 


1.3 Behaviour 


If the problems of morphogenesis are dauntingly difficult, those of 
behaviour are even more so. First, instinct. Consider, for example, 
how spiders are able to spin webs without learning from other 
spiders. Or consider the behaviour of European cuckoos. The 
young are hatched and reared by birds of other species, and never 
see their parents. Towards the end of the summer, the adult 
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cuckoos migrate to their winter habitat in Southern Africa. About 
a month later, the young cuckoos congregate together and then 
they also migrate to the appropriate region of Africa, where they 
join their elders.? They instinctively know that they should migrate 
and when to migrate; they instinctively recognize other young 
cuckoos and congregate together; and they instinctively know in 
which direction they should fly and where their destination is. 

Secondly, there is the problem posed by numerous examples of 
behavioural regulation, in which a more or less normal result is 
obtained in spite of changes in the parts of the behavioural system. 
For example, a dog after amputation of a leg regulates its motor 
activity so that it can walk on three legs. Another dog after the 
removal of part of a cerebral hemisphere gradually recovers most 
of its previous abilities. A third dog has obstacles arbitrarily placed 
in its path. But all three dogs can go from one place to another 
place they want to get to in spite of disturbances to their motor 
organs, central nervous system, or environment. 

Thirdly, there is the problem of learning and of intelligent 
behaviour; new patterns of behaviour appear which cannot, appar- 
ently, be explained entirely in terms of preceding causes. 

An enormous gulf of ignorance lies between all these phenomena 
and the established facts of molecular biology, biochemistry, gen- 
etics and neurophysiology. How, for example, could the migratory 
behaviour of young cuckoos ultimately be explained in terms of 
DNA and protein synthesis? Obviously a satisfactory explanation 
would require more than a demonstration that appropriate genes 
containing appropriate base-sequences in DNA were necessary for 
this behaviour, or that the behaviour of cuckoos depended on 
electrical impulses in nerves; it would require some understanding 
of the connections between specific sequences of bases in DNA, 
the birds’ nervous system, and the migratory behaviour. At present, 
this connection can only be provided by the same elusive entities 
that ‘explain’ all the phenomena of morphogenesis: -vital factors, 
morphogenetic fields or genetic programmes. 

Moreover, an understanding of behaviour presupposes an under- 
standing of morphogenesis. For example, even if all the behaviour 
of a relatively simple lower animal, say a nematode worm, could be 
understood in detail in terms of the ‘wiring’ and physiology of its 
nervous system, there would still be the problem of how the 
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nervous system with this characteristic pattern of ‘wiring’ came 
into being in the animal as it developed. 


1.4 Evolution 


Long before Mendelian genetics was thought of, many distinct 
varieties and breeds of domesticated animals and plants had been 
developed by selective breeding. There is no reason to doubt that 
a comparable development of races and varieties occurs in the wild 
under the influence of natural rather than artificial selection. The 
neo-Darwinian theory of evolution claims to be able to explain this 
type of evolution in terms of random mutations, Mendelian gen- 
etics, and natural selection. But even within the mechanistic 
framework of thought, it is by no means agreed that this type of 
small-scale or micro-evolution within a species can account for 
the origin of species themselves, or genera, families and higher 
taxonomic divisions. One school of thought holds that all large- 
scale or macro-evolution can be explained in terms of long- 
continued processes of micro-evolution;!° the other school denies 
this, and postulates that major jumps occur suddenly in the course 
of evolution.’ But while opinions within mechanistic biology 
differ as to the relative importance of many small mutations or a 
few large ones in macro-evolution, there is general agreement that 
these mutations are random, and that evolution can be explained 
by a combination of random mutation and natural selection. 

However, this theory can never be more than speculative. The 
evidence for evolution, primarily provided by the Fossil Record, 
will always be open to a variety of interpretations. For example, 
opponents of the mechanistic theory can argue that evolutionary 
innovations are not entirely explicable in terms of chance events, 
but are due to the activity of a creative principle unrecognized by 
mechanistic science. Moreover, the selection pressures which arise 
from the behaviour and properties of living organisms themselves 
can be considered to depend on an inner organizing factor which 
is essentially non-mechanistic. 

Thus the problem of evolution cannot be solved conclusively. 
Vitalist and organismic theories necessarily involve an extrapolation 
of vitalist and organismic ideas, just as the neo-Darwinian theory 
involves an extrapolation of mechanistic ideas. This is unavoidable; 
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evolution will always have to be interpreted in terms of ideas which 
have already been formed on other grounds. 


1.5 The Origin of Life 


This problem is just as insoluble as that of evolution, for the same 
reasons. First, what happened in the distant past can never be 
known for certain; there will probably always be a plethora of 
speculations on the circumstances of the origin of life on earth. 
Current ones include the terrestrial origin of life within a Primaeval 
Broth; the infection of the earth by micro-organisms deliberately 
sent on a space ship by intelligent beings on a planet in another 
solar system;!? and the evolution of life on comets containing 
organic materials derived from interstellar dust." 

Secondly, even if the conditions under which life originated 
could be known, this information would shed no light on the 
nature of life. Assuming it could be demonstrated, for example, 
that the first living organisms arose from ens chemical 
aggregates, or ‘hypercycles’ of chemical processes, '* in a Primaeval 
Broth, this would not prove that they were entirely mechanistic. 
Organicists would always be able to argue that new organismic 
properties emerged, and vitalists that the vital factor entered into 
the first living system precisely when it first came to life. The same 
arguments would apply even if living organisms were ever to be 
synthesized artificially from chemicals in a test tube. 


1.6 Limitations of physical explanation 


The mechanistic theory postulates that all the phenomena of life, 
including human behaviour, can in principle be explained in terms 
of physics. Apart from any problems that might arise from the 
particular theories of modern physics, or from conflicts between 
them, this postulate is problematical for at least two fundamental 
reasons. 

First, the mechanistic theory could only be valid if the physical 
world were causally closed. In relation to human behaviour, this 
would be the case if mental states either had no reality at all, or 
were in some sense identical to physical states of the body, or ran 
parallel to them, or were epiphenomena of them. But if on the 
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other hand the mind were non-physical and yet causally efficacious, 
capable of interacting with the body, then human behaviour could 
not be fully explained in physical terms. The possibility that mind 
and body interact is by no means ruled out by the available 
evidence:'> at present no clear-cut decision can be made on 
empirical grounds between the mechanistic theory and the interac- 
tionist theory; from a scientific point of view the question remains 
open. Therefore it is possible that human behaviour, at least, might 
not be explicable entirely in physical terms, even in principle. 

Second, the attempt to account for mental activity in terms of 
physical science involves a seemingly inevitable circularity, because 
science itself depends on mental activity.'° This problem has 
become apparent within modern physics in connection with the 
role of the observer in processes of physical measurement; the 
principles of physics ‘cannot even be formulated without referring 
(though in some versions only implicitly) to the impressions — and 
thus to the minds — of the observers’ (B. D’Espagnat!”). Thus, 
since physics presupposes the minds of observers, these minds and 
their properties cannot be explained in terms of physics. '® 


1.7 Psychology 


In psychology, the science of the mind, the problem of the 
relationship between mind and body can be avoided by ignoring 
the existence of mental states. This is the approach of the 
Behaviourist school, which confines its attention only to objectively 
observable behaviour.'? But Behaviourism is not a testable scien- 
tific hypothesis; it is a methodology. And as an exclusive approach 
to psychology, its appropriateness is by no means self-evident.’ 
Other schools of psychology have adopted the more straightfor- 
ward approach of accepting subjective experience as their primary 
datum. For the purpose of the present discussion, there is no need 
to consider all the different schools and systems; a single example 
will suffice to show the biological difficulties raised by a psychologi- 
cal hypothesis developed in an attempt to explain empirical obser- 
vations. The psychoanalytical schools postulate that many aspects 
of behaviour and subjective experience depend on the subconscious 
or unconscious mind. In order to account for the facts of waking 
experience and of dreams, the unconscious mind has to be endowed 
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with properties totally unlike those of any known mechanical or 
physical system. In C.G. Jung’s development of this concept, it is 
not even confined to individual minds, but provides a common 
substratum shared by all human minds, the collective unconscious: 


‘In addition to our immediate consciousness, which is of a thoroughly 
personal nature and which we believe to be the only empirical psyche 
(even if we tack on the personal unconscious as an appendix) there exists 
a second psychic system of a collective, universal, and impersonal nature 
which is identical in all individuals. This collective unconscious does not 
develop individually but is inherited. It consists of pre-existent forms, the 
archetypes, which can only become conscious secondarily and which give 
definite form to certain psychic contents.’*! 


Jung tried to explain the inheritance of the collective unconscious 
physically by suggesting that the archetypal forms were ‘present in 
the germplasm’.”* But it is very doubtful that anything with the 
properties of the archetypal forms could be inherited chemically in 
the structure of DNA, or in any other physical or chemical 
structure in sperm or egg cells. Indeed the idea of the collective 
unconscious makes little sense in terms of current mechanistic 
biology, whatever its merits as a psychological theory might be. 

However, there is no a priori reason why psychological theories 
should be confined within the framework of the mechanistic theory; 
they may make better sense in the context of an interactionist 
theory. Mental phenomena need not necessarily depend on physical 
laws, but rather follow laws of their own. 

The difference between the mechanistic and interactionist 
approaches can be illustrated by considering the problem of 
memory. According to the mechanistic theory, memories must 
somehow be stored within the brain. But on an interactionist 
theory, the mind’s properties could be such that past mental states 
are capable of influencing present states directly, in a manner that 
does not depend on the storage of physical memory traces.” If 
this were so, a search for physical memory traces within the 
brain would inevitably be fruitless. And although several different 
mechanistic hypotheses have been advanced — for example in terms 
of reverberating circuits of nervous activity, or changes in synaptic 
connections between nerves, or specific molecules of RNA — there 
is no persuasive evidence that any of these proposed mechanisms 
can in fact account for memory.”* 
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If memories are not stored physically within the brain, then 
certain types of memory need not necessarily be confined to 
individual minds; Jung’s notion of an inherited collective uncon- 
scious containing archetypal forms could be interpreted as a kind 
of collective memory. 

Such speculations, defensible in the context of interactionism, 
seem nonsensical from a mechanistic point of view. But the 
mechanistic theory cannot be taken for granted; at present the idea 
that all the phenomena of psychology are in principle explicable in 
terms of physics is itself no more than speculative. 


1.8 Parapsychology 


In all traditional societies stories are told of men and women with 
seemingly miraculous powers, and such powers are acknowledged 
by all religions. In many parts of the world various paranormal 
abilities are said to be cultivated deliberately within esoteric sys- 
tems, such as shamanism, sorcery, tantric yoga and spiritualism. 
And even within modern Western society, there are persistent 
reports of apparently inexplicable phenomena, such as telepathy, 
clairvoyance, precognition, memories of past lives, hauntings, pol- 
tergeists, psychokinesis, and so on. 

Obviously this is an area in which superstition, fraud and 
credulity are rife. But the possibility that seemingly paranormal 
events actually occur cannot be dismissed out of hand; the question 
can only be answered after an examination of the evidence. 

The scientific study of allegedly paranormal phenomena has 
now been going on for almost a century. Although investigators in 
this field of physical research have discovered many cases of fraud, 
and found that some apparently paranormal events can in fact be 
explained by normal causes, there remains a large body of evidence 
which seems to defy explanation in terms of any known physical 
principles.” Moreover, numerous experiments designed to test 
for so-called extra-sensory perception or for psychokinesis have 
yielded positive results with odds against chance coincidence of 
thousands, millions or even billions to one.2° 

In so far as these phenomena cannot be explained in terms of 
the known laws of physics and chemistry, from the conventional 
mechanistic point of view they ought not to occur.” But if they 
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do, then there seem to be two possible types of theoretical 
approach. The first is to start from the assumption that they 
depend on laws of physics as yet unknown; the second is to suppose 
that they depend on non-physical causal factors or connecting 
principles.” Most of the hypotheses of the second type which 
have been put forward so far have been cast within an interactionist 
framework. Several recent ones are based on formulations of 
quantum theory involving ‘hidden variables’ or ‘branching uni- 
verses’, and postulate that mental states play a role in determining 
the outcomes of probabilistic processes of physical change.”? 

Both the vagueness of such theoretical proposals and the elusive- 
ness of the alleged phenomena make the progress of research in 
parapsychology very slow. This in turn reinforces the tendency of 
many mechanistic biologists to ignore or even deny the evidence 
which seems to show that these phenomena do in fact occur. 


1.9 Conclusions 


This brief consideration of the outstanding problems of biology 
does not leave much room for thinking that they can all be 
solved by an exclusively mechanistic approach. In the case of 
morphogenesis and animal behaviour the question can be regarded 
as open; but the problems of evolution and the origin of life are 
insoluble per se and cannot help to decide between the mechanistic 
and other possible theories of life; the mechanistic theory runs into - 
serious philosophical difficulties in connection with the problem of 
the limits of physical explanation; in relation to psychology it has 
no clear advantage over the interactionist theory; and it is in conflict 
with the apparent evidence for parapsychological phenomena. 
On the other hand, although an interactionist approach might be 
an attractive alternative in the fields of psychology and parapsychol- 
ogy, it has the grave disadvantage of opening up a gulf between 
psychology and physics. Moreover, its wider biological implications 
are unclear. For if the interaction of the mind with the body affects 
human behaviour, then what about the behaviour of other animals? 
And if a non-physical causal factor plays a part in controlling the 
behaviour of animals, could it also have a role in the control of 
morphogenesis? In this case should it be regarded as a factor of 
the type proposed in vitalistic theories of morphogenesis? If so, in 


34 The Unsolved Problems of Biology 


what sense would a vital factor controlling embryological develop- 
ment resemble the human mind? 

Thus the interactionist theory, seen in a general biological 
context, appears to create more theoretical problems than it solves. 
And it does not seem to lead to any specific testable predictions, 
apart from allowing for the possibility of parapsychological 
phenomena. 

The organismic approach in its present state also suffers from 
the disadvantage of suggesting no new lines of empirical research; 
it offers little more to experimental biology than an ambiguous 
terminology. 

With such feeble alternatives, research in biology will have to 
continue to follow the mechanistic approach, in spite of its limi- 
tations. In this way at least something will be found out, even if the 
major problems of biology remain unsolved. But although in the 
short term this is the only feasible course of action, looking to the 
future it seems reasonable to ask whether an alternative is capable 
of being developed coherently and specifically, and of making 
testable predictions. If such a theory is to be formulated, the 
problem of morphogenesis seems to provide the most accessible 
starting point. 

The prospects for improved versions of mechanistic, vitalistic 
and organismic theories of morphogenesis are discussed in the 
following chapter. 
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2 
Three Theories of Morphogenesis 


2.1 Descriptive and experimental research 


The description of development can be carried out in many ways: 
the external form of the developing animal or plant can be drawn, 
photographed or filmed, providing a series of pictures of its 
changing morphology; its internal structure, including its micro- 
scopic anatomy, can be described at successive stages (Fig. 3); 
changes in physical quantities such as weight, volume and rate of 
oxygen consumption can be measured; and changes in the chemical 
composition of the system as a whole and of regions within it can 
be analysed. The progressive improvement of techniques permits 
such descriptions to be made in ever greater detail; for example with 
the electron microscope the processes of cellular differentiation can 
be studied at a far higher resolution than with the light microscope, 
enabling many new structures to be seen; the sensitive analytical 
methods of modern biochemistry enable changes in concentrations 
of specific molecules, including proteins and nucleic acids, to be 
measured in very small samples of tissue; by means of radioactive 
isotopes, chemical structures can be ‘labelled’ and ‘traced’ as the 
system develops; and techniques for inducing genetic changes in 
some of the cells of embryos enable their genetically ‘marked’ 
descendants to be identified and their fate to be ‘mapped’. 

The majority of research in embryology and developmental 
biology is concerned with providing factual descriptions by means 
of such techniques; these descriptions are then classified and 
compared in order to establish how different sorts of changes are 
correlated within a given system, and in what ways different systems 
resemble each other. These purely descriptive results cannot in 
themselves lead to an understanding of the causes of development, 
although they may suggest hypotheses.’ The latter can then be 
investigated by means of experimental perturbations of develop- 
ment: for example, the environment can be changed; physical or 
chemical stimuli can be applied to specific places on or in the 
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Figure 3 Stages in the development of the embryo of the shepherd’s 
purse plant, Capsella bursa-pastoris. (After Maheshwari, 1950.) 
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system; parts of the system can be removed and their development 
studied in isolation; the reaction of the system to the removal of 
parts can be observed; and the effects of combining different parts 
can be studied by grafts and transplantations. 

The major problems thrown up by this type of research have 
been summarized in Section 1.2: biological development is epigen- 
etic, or in other words involves an increase in complexity of form 
and organization which cannot be explained in terms of the 
unfolding or decomposition of a pre-formed but invisible structure; 
many developing systems can regulate, i.e. produce a more or less 
normal structure if part of the system is destroyed or removed at a 
sufficiently early stage; many systems can regenerate or replace 
missing parts; and in vegetative and sexual reproduction, new 
organisms are formed from detached parts of parent organisms. 
One further important generalization is that in developing systems 
the destiny of cells and tissues is determined by their position 
within the system. 

Mechanistic, vitalist and organismic theories all start from this 
established body of facts and results, about which there is general 
agreement, but they differ radically in their interpretations. 


2.2 Mechanism 


The modern mechanistic theory of morphogenesis ascribes a role 
of prime importance to DNA, for four main reasons. First, many 
cases of hereditary differences between animals or plants of a 
given species have been found to depend on genes, which can 
_ actually be ‘mapped’ and located at particular places on particular 
chromosomes. Secondly, the chemical basis of genes is known to 
be DNA and their specificity is known to depend on the sequence 
of purine and pyrimidine bases in the DNA. Thirdly, it is known 
how DNA is able to act as the chemical basis of heredity: on the 
one hand, it serves as a template for its own replication, owing to 
the specificity of the pairing of the bases in its two complementary 
strands; on the other hand it serves as the template for the 
sequence of amino acids in proteins. It does not play the latter role 
directly; one of its strands is first ‘transcribed’ to give a single- 
stranded molecule of ‘messenger’ RNA from which, in the process 
of protein synthesis, the sequence of bases is ‘read off three at a 
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time. Different triplets of bases specify different amino acids, and 
thus the genetic code is ‘translated’ into a sequence of amino 
acids, which are linked together to give characteristic polypeptide 
chains, which then fold up to give proteins. Finally, the character- 
istics of a cell depend on its proteins: its metabolism and its 
capacities for chemical synthesis on enzymes, some of its structures 
on structural proteins, and the surface properties which enable it 
to be ‘recognized’ by other cells on special proteins on its surface. 

Within the mechanistic framework of thought, the central prob- 
lem of development and morphogenesis is seen as the control of 
protein synthesis. In bacteria, specific chemicals called inducers 
can cause specific regions of the DNA to be transcribed into 
messenger RNA, on which template specific proteins are then 
made. The classic example is the induction of the enzyme ß- 
galactosidase by lactose in Escherischia coli. The ‘switching on’ of 
the gene takes place through a complicated system involving a 
repressor protein which blocks transcription by combining with a 
specific region of the DNA; its tendency to do so is greatly reduced 
in the presence of the chemical inducer. By a comparable process, 
specific chemical repressors can ‘switch off genes. In animals and 
plants the system by which genes are ‘switched’ on and off is more 
complicated, and not at present understood. Further complications 
arise from the recently-discovered fact that messenger RNA can 
be made up of pieces transcribed from different regions of the 
DNA, and subsequently joined together in a specific way. More- 
over, the synthesis of proteins is also controlled at the ‘translational 
level’; protein synthesis can be ‘switched’ on and off by a variety of 
factors even in the presence of appropriate messenger RNA. 

The different proteins made by different types of cells thus 
depend on the way in which protein synthesis is controlled. The 
only way in which this can be understood mechanistically is in - 
terms of physico-chemical influences on the cells; patterns of 
differentiation must therefore depend on physico-chemical patterns 
within the tissue. The nature of these influences is not known, but 
various possibilities have been suggested: concentration gradients 
of specific chemicals; ‘diffusion-reaction’ systems with chemical 
feedback; electrical gradients; electrical or chemical oscillations; 
mechanical contacts between cells; or various other factors, or 
combinations of different factors. The cells must then respond to 
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these differences in characteristic ways. One current way of 
thinking about this problem is to regard these physical or chemical 
factors as providing ‘positional information’ which the cells then 
‘interpret’ in accordance with their genetic programme by ‘switch- 
ing on’ the synthesis of particular proteins.” 

These various aspects of the central problem of the control of 
protein synthesis are at present under active investigation. Most 
mechanistic biologists hope that the solution of this problem will 
provide, or at least lead towards, an explanation of morphogenesis 
in purely mechanistic terms. 


In order to assess whether such a mechanistic explanation of 
morphogenesis is likely, or even possible, a number of difficulties 
will have to be considered one by one: 

(i) The explanatory role ascribed to DNA and the synthesis of 
specific proteins is severely restricted in its scope by the fact that 
both the DNA and the proteins of different species may be very 
similar. For example, in a detailed comparison of human and 
chimpanzee proteins, a considerable number have been found to be 
identical, and others to differ only slightly: ‘Amino acid sequencing, 
immunological and electrophoretic methods yield concordant esti- 
mates of genetic resemblance. These approaches all indicate that 
the average human polypeptide is more than 99 per cent identical 
to its chimpanzee counterpart’. Comparisons of the so-called 
non-repeated DNA sequences (i.e. those parts believed to be of 
genetic significance) show that the overall difference between the 
DNA sequences of humans and chimpanzees is only 1.1 per cent. 

Similar comparisons between different species of mice or of the 
fruit fly Drosophila have revealed larger differences between these 
closely related species than between humans and chimpanzees, 
leading to the conclusion that ‘the contrasts between organismal 
and molecular evolution indicate that the two processes are to a 
large extent independent of each other.” 

However, assume for the purpose of argument that the hereditary 
differences between species as different as humans and chimpan- 
zees can indeed be explained in terms of very small changes in 
protein structure, or small numbers of different proteins, or genetic 
changes which affect the control of protein synthesis (perhaps 
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depending to some extent on differences of arrangement of DNA 
within the chromosomes), or combinations of these factors. 


(ii) Within the same organism, different patterns of development 
take place while the DNA remains the same. Consider, for 
example, the arm and the leg of a man: both contain identical cell 
types (muscle cells, connective tissue cells, etc.) with identical 
proteins and identical DNA. So the differences between the arm 
and the leg cannot be ascribed to DNA per se; they must be 
ascribed to pattern-determining factors which act differently in the 
developing arm and leg. The precision of arrangement of the 
tissues — for example the joining of tendons to the right parts of 
the bones — shows that these pattern-determining factors must 
work with great precision. The mechanistic theory of life means 
that these factors must be regarded as physico-chemical in nature. 
However, their nature is at present unknown. 


(iii) Even if physical or chemical factors determining a pattern of 
differentiation can be identified, there is still the problem of how 
these factors are themselves patterned in the first place. This 
problem can be illustrated by considering two of the very few cases 
in which chemical ‘morphogens’ have actually been isolated. 

First, in the cellular slime moulds, free-living amoeboid cells 
aggregate together under certain conditions to form a ‘slug’ which, 
after moving around for some time, grows up into the air and 
differentiates into a stalk bearing a spore-mass (Fig. 4). The 
aggregation of these cells has been shown to depend on a relatively 
simple chemical, cyclic AMP (adenosine 3’, 5’ — monophosphate). 
But in the composite organism, although the distribution of cyclic 
AMP is related to the pattern of differentiation, ‘it is not clear 
whether the cyclic AMP pattern is a cause or consequence of 
prestalk-prespore differentiation’. Moreover, even if it does play a 
causal role in differentiation, it cannot itself account for the pattern 
in which it is distributed, nor for the fact that this pattern varies 
from species to species: some other factors must be responsible for 
its patterned distribution. There is a wide variety of opinion on the 
possible nature of these factors.’ 

Secondly, in higher plants the hormone auxin (indolyl - 3 - 
acetic acid) is known to play a role in the control of vascular 
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Figure 4 The migration and culmination stages of two species of slime 
mould. On the left are the newly-developed composite organisms, formed 
by the aggregation of numerous free-living amoeboid cells. These migrate 
as ‘slugs’, and then grow upwards, differentiating into stalks bearing spore 
bodies. (After Bonner, 1958.) 


differentiation. But then what controls the production and distri- 
bution of auxin? The answer seems to be: vascular differentiation 
itself. Auxin is probably released by differentiating vascular cells as 
a by-product of the protein breakdown which occurs as the cells 
mature. Thus the system is circular: it helps to maintain patterns 
of differentiation, but it does not explain how they are established 
to start with.° 

However, assume for the purpose of argument that it might be 
possible to identify what factors give a pattern to the physical 
or chemical influences which in turn determine the pattern of 
differentiation; assume also that the ways in which these controlling 
factors are themselves controlled can be identified; and so on. 
Now there is the problem of regulation: if part of the system is 
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removed, this complicated series of physico-chemical patterns must 
be disrupted. But somehow the remaining parts of the system 
managed to change their usual course of development and go on to 
produce a more or less normal end result. 

This problem is generally agreed to be extremely difficult; it is 
far from being understood even in outline. Supporters of the 
mechanistic theory hope that it can be solved through much 
painstaking effort; their opponents deny that it can be solved 
mechanistically even in principle. However, for the purpose of 
argument, assume once more that a mechanistic solution can be 
achieved. 


(iv) Then there is the problem of how this ‘positional information’ 
brings about its effects. The simplest possibility would be that the 
‘positional information’ is specified by a concentration gradient of 
a specific chemical, and that cells exposed to more than a certain 
concentration synthesize one set of proteins, while cells exposed to 
concentrations below this threshold synthesize another set of 
proteins. Again, assume that this or other mechanisms by which 
‘positional information’ can be ‘interpreted’ could actually be 
identified.’ Now, at the end of this chain of highly optimistic 
assumptions, the situation is reached in which different cells 
arranged in a suitable pattern make different proteins. 


So far, there has been a set of one-to-one relationships: a gene is 
‘switched on’ by a specific stimulus; the DNA is transcribed into 
RNA; and the RNA is translated into a particular sequence of 
amino acids, a polypeptide chain. But now this simple causal 
Sequence comes to an end. How do the polypeptide chains fold up 
into the characteristic three-dimensional structures of proteins? 
How do the proteins give the cells their characteristic structures? 
How do cells aggregate together to give tissues of characteristic 
structures? And so on. These are the problems of morphogenesis 
proper: the synthesis of specific polypeptide chains provides the 
basis for the metabolic machinery and the structural materials on 
which morphogenesis depends. The polypeptide chains and the 
proteins into which they fold up are undoubtedly necessary for 
morphogenesis; but what actually determines the patterns and 


Mechanism 45 


structures into which the proteins, cells and tissues combine? The 
mechanistic assumption is that all this can be explained in terms of 
physical interactions, and that it takes place spontaneously, given 
the right proteins in the right places at the right times and in the 
right sequence. At this crucial stage, mechanistic biology effectively 
abdicates, and the problem of morphogenesis is simply left to 
physics. 

It is indeed the case that polypeptide chains fold up spon- 
taneously, given the right conditions, into proteins of characteristic 
three-dimensional structure. They can even be made to unfold 
and then, by changing the conditions, to fold up again in test 
tubes, so this process does not depend on any mysterious property 
of living cells. Moreover protein sub-units can aggregate together 
under test-tube conditions to form structures which are normally 
produced inside living cells: for example, sub-units of the protein 
tubulin join together into long rod-like structures called micro- 
tubules.’ And yet more complex structures, such as ribosomes, can 
be formed by the spontaneous aggregation of various protein and 
RNA components. Other classes of substances, for example the 
lipids of cell membranes, can also aggregate together spontaneously 
in the test tube. 

In so far as these structures undergo spontaneous self-assembly, 
they resemble crystals; many of them can indeed be regarded as 
crystalline or quasi-crystalline. So in principle they pose no more, 
or no less, of a problem than normal crystallization; the same sorts 
of physical process can be assumed to be at work. 

Nevertheless, by no means all morphogenetic processes can be 
regarded as types of crystallization. They must involve a number of 
other physical factors; for example, the shapes taken up by mem- 
branes must be influenced by the forces of surface tension, and the 
structures of gels and sols by the colloidal properties of their 
constituents. And then some of the patterns may arise from 
statistically random fluctuations; simple examples of the appearance 
of ‘order through fluctuations’ have begun to be studied from the 
point of view of irreversible or non-equilibrium thermodynamics in 
inorganic systems, and comparable processes may well be at work 
within cells and tissues.” 

However, the mechanistic theory does not merely suggest that 
these and other physical processes play a part in morphogenesis; it 


46 Three Theories of Morphogenesis 


asserts that morphogenesis is entirely explicable in terms of physics. 
What does this mean? If everything observable is defined as being 
physically explicable in principle, just because it happens, then it 
must be so by definition. But this does not necessarily mean it can 
be explained in terms of the known laws of physics. In relation to 
biological morphogenesis this explanation could be said to have 
been achieved if a biologist who was supplied with the entire 
sequence of bases in the DNA of an organism and a detailed 
description of the physico-chemical state of the fertilized egg, and 
of the environment in which it developed, could predict in terms of 
the fundamental laws of physics (e.g. quantum field theory, the 
equations of electromagnetism, the second law of thermodynamics, 
etc.) first, the three-dimensional structure of all the proteins the 
organism would make; secondly, the enzymic and other properties 
of these proteins; thirdly, the organism’s entire metabolism; 
fourthly, the nature and consequences of all the types of positional 
information that would arise during its development; fifthly, the 
structure of its cells, tissues and organs and the form of the 
organism as a whole; and finally, in the case of an animal, its 
instinctive behaviour. If all these predictions could be made 
successfully, and if, in addition, the course of processes of regu- 
lation and regeneration could also be predicted a priori, this would 
indeed be a conclusive demonstration that living organisms are 
fully explicable in terms of the known laws of physics. But, of 
course, nothing of the sort can be done at present. So there is no 
way of demonstrating that such an explanation is possible. It might 
not be. 

Thus if the mechanistic theory states that all the phenomena of 
morphogenesis are capable in principle of being explained in terms 
of the known laws of physics, it might well be wrong: so little is 
understood at present that there seem to be no good grounds for a 
firm belief in the adequacy of the known laws to explain all the 
phenomena. But at any rate this is a testable theory; it could be 
refuted by the discovery of a new law of physics. If on the other 
hand the mechanistic theory states that living organisms obey both 
known and unknown laws of nature, then it would be irrefutable; it 
would simply be a general statement of faith in the possibility of 
explanation. It would not be opposed to organicism and vitalism; it 
would include them. 
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In practice, the mechanistic theory of life is not treated as a 
rigorously defined, refutable scientific theory; rather, it serves to 
provide a justification for the conservative method of working 
within the established framework of thought provided by existing 
physics and chemistry. Although it is usually understood to mean 
that living organisms are in principle fully explicable in terms of 
the known laws of physics, if a new law of physics were to be 
discovered, and thus became known, the mechanistic theory could 
easily be modified to include it. Whether this modified theory of 
life were to be called mechanistic or not would only be a matter of 
definition. 

When so little is understood about the phenomena of morpho- 
genesis and behaviour, the possibility can by no means be ruled 
out that at least some of them depend on a causal factor as yet 
unrecognized by physics. In the mechanistic approach, this question 
is simply put aside. Nevertheless it remains entirely open. 


2.3 Vitalism 


Vitalism asserts that the phenomena of life cannot be fully under- 
stood in terms of physical laws derived only from the study of | 
inanimate systems, but that an additional causal factor is at work in — 
living organisms. A typical statement of a nineteenth century vitalist 
position was made by the chemist Liebig in 1844: he argued that 
although chemists could already produce all sorts of organic 
substances, and would in future produce many more, chemistry 
would never be in a position to create an eye or a leaf; besides the 
recognized causes of heat, chemical affinity, and the formative 
force of cohesion and crystallization ‘in living bodies there is added 
yet a fourth cause which dominates the force of cohesion and 
combines the elements in new forms so that they gain new 
qualities — forms and qualities which do not appear except in the 
organism.”!° 

Ideas of this type, although widely held, were too vague to 
provide an effective alternative to the mechanistic theory. It was 
only at the beginning of this century that neo-vitalist theories were 
worked out in some detail. In relation to morphogenesis, the most 
important was that of the embryologist Hans Driesch. If a modern 
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vitalist theory were to be developed, Driesch’s would provide the 
best foundation on which to build. 

Driesch did not deny that many features of living organisms 
could be understood in physico-chemical terms. He was well aware 
of the findings of physiology and biochemistry, and of the potential 
for future discovery: “There are many specific chemical compounds 
present in the organism, belonging to the different classes of the 
chemical system, and partly known in their constitution, partly 
unknown. But those that are not yet known will probably be known 
some day in the near future, and certainly there is no theoretical 
impossibility about discovering the constitution of albumen [pro- 
tein] and how to “make” it.’'' He knew that enzymes (‘férments’) 
catalysed biochemical reactions and could do so in test tubes: 
‘There is no objection to our regarding almost all metabolic 
processes inside the organism as due to the intervention of ferments 
or catalytic materials, and the only difference between inorganic 
and organic ferments is the very complicated character of the latter 
and the very high degree of their specification.”!2 He knew that 
` Mendelian genes were material entities located in the chromo- 
somes, and that they were probably chemical compounds of specific 
structure.’ He thought that many aspects of metabolic regulation 
and physiological adaptation could be understood along physico- 
chemical lines'* and that there were in general ‘many processes in 
the organism ... which go on teleologically or purposefully on a 
fixed machine-line basis’.'> His opinions on these subjects have 
been confirmed by the subsequent advances of physiology, bio- 
chemistry, and molecular biology. Obviously, Driesch was unable 
to anticipate the details of these discoveries, but he regarded them 
as possible and in no way incompatible with vitalism. 

In relation to morphogenesis, he considered that ‘it must be 
granted that a machine, as we understand the word, might very 
well be the motive force of organogenesis in general, if only 
normal, that is to say, if only undisturbed development existed, and 
if taking away parts of our system led to fragmental development.’!® 
But, in fact, in many embryonic systems removal of a part of the 
embryo is followed by a process of regulation, whereby the 
remaining tissues reorganize themselves and go on to produce an 
adult organism of more or less normal form. 

The mechanistic theory has to attempt to account for develop- 
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ment in terms of complex physical or chemical interactions between 
the parts of the embryo. Driesch argued that the fact of regulation 
made any such machine-like system inconceivable, because the 
system was able to remain a whole and produce a typical final 
result, whereas no complex three-dimensional machine-like system 
could remain a whole after the arbitrary removal of parts. 

This argument is open to the objection that it is, or will be at 
some time in the future, invalidated by advances in technology. 
But at least it does not seem to have been refuted so far. For 
example, although computerized cybernetic systems can respond 
appropriately to certain types of functional disturbance, they do so 
on the basis of a fixed structure. They cannot regenerate their own 
physical structure; for example, if parts of the computer are 
destroyed at random, they cannot be replaced by the machine 
itself, nor can the system go on functioning normally after the 
arbitrary removal of parts. The other item of modern technology 
which might seem relevant is the hologram, from which pieces can 
be removed but which can still give rise to a complete three- 
dimensional image. However, the hologram can only do so when it 
is part of a larger functional whole, including a laser, mirrors, etc. 
These structures cannot be regenerated after arbitrary damage, for 
instance if the laser is smashed. 

Driesch believed that the facts of regulation, regeneration and 
reproduction showed that there was something about living organ- 
isms which remained a whole even though parts of the physical 
whole could be removed; it acted on the physical system but was 
not itself part of it. He called this non-physical causal factor 
entelechy. He postulated that entelechy organized and controlled 
physico-chemical processes during morphogenesis; the genes were 
responsible for providing the material means of morphogenesis — 
the chemical substances to be ordered — but the ordering itself was 
brought about by entelechy. Clearly morphogenesis could be affected 
by genetic changes which changed the means of morphogenesis, 
but this would not prove that it could be explained simply in terms 
of genes and the chemicals to which they gave rise. Similarly, the 
~ nervous system provided the means for the actions of an animal, 
but entelechy organized the activity of the brain, using it as an 
instrument, as a pianist plays on a piano. Again, behaviour could 
be affected by damage to the brain, just as the music played by the 
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pianist would be affected by damage to the piano; but this would 
only prove that the brain was a necessary means for behaviour, as 
the piano is a necessary means for the pianist. 

Entelechy is a Greek word whose derivation (en-telos) indicates 
something which bears its end or goal in itself; it ‘contains’ the 
goal towards which a system under its control is directed. Thus if a 
normal pathway of development is disturbed,. the system can 
reach the same goal in a different way. Driesch considered that 
development and behaviour were under the control of a hierarchy 
of entelechies, which were all ultimately derived from, and subordi- 
nated to, the overall entelechy of the organism.” As in any 
hierarchical system, such as an army, mistakes were possible and 
entelechies might behave ‘stupidly’, as they do in cases of super- 
regeneration, when a superfluous organ is produced.'® But such 
Stupidities do not disprove the existence of entelechy any more 
than military errors disprove that soldiers are intelligent beings. 

Driesch described entelechy as an ‘intensive manifoldness’, a 
non-spatial causal factor which nevertheless acted into space. He 
emphasized that it was a natural (as opposed to a metaphysical or 
mystical) factor which acted on physico-chemical processes. It was 
not a form of energy, and its action did not contradict the second 
law of thermodynamics or the law of conservation of energy. Then 
how did it work? 

Driesch was writing during the era of classical physics, when 
it was generally thought that all physical processes were fully 
deterministic, in principle completely predictable in terms of 
energy, momentum, etc. But he considered that physical processes 
could not be fully determinate, because otherwise the non-energetic 
entelechy could not act upon them. He therefore concluded that, 
at least in living organisms, microphysical processes were not fully 
determined by physical causality, although, on average, physico- 
chemical changes obeyed statistical laws. He suggested that 
entelechy acted by affecting the detailed timing of microphysical 
processes, by ‘suspending’ them and releasing them from suspen- 
sion whenever required for its purposes: 


“This faculty of a temporary suspension of inorganic becoming is to be 
regarded as the most essential ontological characteristic of entelechy ... 
Entelechy, according to our view, is quite unable to remove any kind of 
“obstacle” to happening ... for such a removal would require energy, 
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and entelechy is non-energetic. We only admit that entelechy may set free 
into actuality what it has itself prevented from actuality, what it has 
suspended _hitherto.”!? 


Although this bold proposal of a physical indeterminism within 
living organisms seemed to be completely unacceptable from the 
point of view of deterministic classical physics, it seems much less 
outrageous in the light of quantum theory. Heisenberg deduced 
the uncertainty principle in 1927, and it soon become clear that 
positions and timings of microphysical events could be predicted 
only in terms of probabilities. By 1928, the physicist Sir Arthur 
Eddington was able to speculate that the mind influences the body 
by affecting the configuration of quantum events within the brain 
through a causal influence on the probability of their occurrence. 
‘Unless it belies its name, probability can be modified in ways 
which ordinary physical entities would not admit of.’*° Comparable 
ideas have been proposed by the neurophysiologist Sir John Eccles, 
who summarized his suggestion as follows: 


‘The neurophysiological hypothesis is that the “will” modifies the spatio- 
temporal activity of the neuronal network by exerting spatio-temporal 
“fields of influence” that become effective through this unique detector 
function of the active cerebral cortex. It will be noted that the “will” or 
“mind influence” has itself some spatio-temporal patterned character in 
order to allow it this operative effectiveness.’?! 


More recently a number of similar but more detailed proposals 
have been put forward by physicists and by parapsychologists” 
(Section 1.8). ; 

In line with these proposals, a modern vitalist theory could be 
based on the hypothesis that entelechy, to use Driesch’s termin- 
ology, orders physico-chemical systems by influencing physically 
indeterminate events within the statistical limits set by energetic 
causation. To do so, it must itself be patterned spatio-temporally. 

But then how does entelechy come to have this patterned 
character? A possible answer is suggested by the interactionist 
theory of memory outlined in Section 1.7. If memories are not 
stored physically within the brain, but somehow involve a direct 
action across time,” then they need not be confined to individual 
brains; they could pass from person to person, or a sort of ‘pooled’ 
memory could be inherited from countless individuals in the past. 
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These ideas can be generalized to include the instincts of 
animals. Instincts could be inherited through the collective memory 
of the species; an instinct would be like a habit acquired not just 
by individuals but by the species as a whole. 

Ideas of this type have already been proposed by a number of 
authors;”* for example, the psychical researcher W. Carington 
suggested that instinctive behaviour such as the web-spinning of a 
spider ‘may be due to the individual creature (e.g. spider) being 
linked up into a larger system (or common subconscious if you 
prefer it) in which all the web-spinning experience of the species is 
stored up.” The zoologist Sir Alister Hardy developed this idea 
by suggesting that this shared experience would act as a sort of 
‘psychic blueprint’: 


‘There would be two parallel streams of information — the DNA code 
supplying the varying physical form of the organic stream to be acted 
upon by selection — and the psychic stream of shared experience — the 
subconscious species “blueprint” — which together with the environment, 
would select those members in the population better able to carry on the 
race.” 


In these suggestions, the type of inheritance depending on a 
non-physical memory-like process is confined to the realm of 
behaviour. A further generalization of this idea to include the 
inheritance of form would bring it into contact with Driesch’s 
concept of entelechy: the characteristic pattern imposed on a 
physico-chemical system by entelechy would depend on the spatio- 
temporal patterning of entelechy itself by a sort of memory-process. 
A sea-urchin embryo, for example, would develop as it did 
because its entelechy contained thé ‘memory’ of the developmental 
processes of all previous sea-urchins; moreover the ‘memory’ of 
the larval and adult forms of previous sea-urchins would enable 
entelechy to direct development towards these normal goals even if 
the embryo was damaged, accounting for regulation. 

Thus a possible vitalist theory of morphogenesis could be 
summarized as follows: the genetic inheritance of DNA specifies 
all the possible proteins the organism can make. But the organiz- 
ation of the cells, tissues and organs, and the co-ordination of the 
development of the organism as a whole, is determined by entel- 
echy. The latter is inherited non-materially from past members of 
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the same species; it is not a type of matter or energy, although it 
acts upon the physico-chemical systems of the organism under its 
control. This action is possible because entelechy acts as a set of 
‘hidden variables’ which influence probabilistic processes. 

This theory is by no means vacuous, and could probably be 
tested experimentally; but it seems fundamentally unsatisfactory 
simply because it is vitalistic. Entelechy is essentially non-physical, 
by definition; even though it could, ex hypothesi, act on material 
systems by providing a set of variables which from the point of 
view of quantum theory are hidden, this would still be an action of 
unlike on unlike. The physical world and the non-physical entel- 
echy could never be explained or understood in terms of each 
other. 

This dualism, inherent in all vitalist theories, seems particularly 
arbitrary in the light of the discoveries of molecular biology of the 
‘self-assembly’ of structures as complex as ribosomes and viruses, 
indicating a difference of degree, and not of kind, from crystalliz- 
ation. Although the self-organization of living organisms as a whole 
is more complex than that of ribosomes or viruses, and produces a 
far greater internal heterogeneity, there is sufficient similarity to 
suggest that here again is a difference of degree. This, at any rate, 
is what both mechanists and organicists prefer to think. 

Possibly a vitalist theory would have to be accepted if no other 
satisfactory explanation of the phenomena of life were conceivable. 
In the early part of this century when vitalism seemed to be the 
only alternative to the mechanistic theory, it gained considerable 
support in spite of its essential dualism. But the development of 
the organismic theory over the last 50 years has provided another 
possibility which, by incorporating many aspects of vitalism within 
a larger perspective, has effectively superseded it. 


2.4 Organicism 


Organismic theories of morphogenesis have developed under a 
variety of influences: some from philosophical systems, especially 
those of A.N. Whitehead and J.C. Smuts; some from modern 
physics, in particular from the field concept; others from Gestalt 
psychology, itself strongly influenced by the concept of physical 
fields; and some from the vitalism of Driesch.”” These theories 
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deal with the same problems that Driesch claimed were insoluble 
in mechanistic terms — regulation, regeneration and reproduction 
— but whereas Driesch proposed the non-physical entelechy to 
account for the properties of wholeness and directiveness exhibited 
by developing organisms, organicists proposed morphogenetic (or 
embryonic, or developmental) fields. 

This idea was put forward independently by A. Gurwitsch in 
192278 and P. Weiss in 1926.” However, apart from stating that 
morphogenetic fields played an important role in the control of 
morphogenesis, neither of these authors specified what they were 
or how they worked. The field terminology was soon taken up by 
other developmental biologists, but it remained ill-defined, 
although it served to suggest analogies between properties of living 
organisms and inorganic electromagnetic systems. For example, if 
an iron magnet is cut into two parts, two whole magnets are 
produced, owing to the properties of the magnetic field; similarly, 
the morphogenetic field was supposed to account for the ‘whole- 
ness’ of detached parts of organisms which were capable of growing 
into new organisms. 
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Figure 5 Part of an ‘epigenetic landscape’, illustrating the concept of the 
chreode as a canalized pathway of change. (From Waddington, 1957. 
Reproduced by courtesy of George Allen & Unwin, Ltd.) 
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C.H. Waddington suggested an extension of the idea of the 
morphogenetic field to take into account the temporal aspect of 
development. He called this new concept the chreode (from the 
Greek chré, it is necessary, and hodos, route or path) and illustrated 
it by means of a simple three-dimensional ‘epigenetic landscape’ 
(Fig. 5). In this model the path followed by the ball as it rolls 
downwards corresponds to the developmental history of a particular 
part of an egg. As embryology proceeds there is a branching series 
of alternative paths represented by the valleys. These correspond 
to the pathways of development of the different types of organ, 
tissue and cell. In the organism these are quite distinct; for 
example, the kidney and liver have definite structures and do not 
grade into each other through a series of intermediate forms. 
Development is canalized towards definite end-points. Genetic 
changes or environmental perturbations may push the course of 
development (represented by the pathway followed by the ball) 
away from the valley bottom up the neighbouring hillside, but 
unless it is pushed above the threshold into another valley, the 
process of development will find its way back. It will not return to 
the point from which it started, but to some later position on the 
canalized pathway of change. This represents regulation. 

The concept of the chreode is very similar to that of the 
morphogenetic field, but it makes explicit the dimension of time 
which is only implicit within the latter. 

Recently, both these concepts have been extensively developed 
by the mathematician René Thom as part of a comprehensive 
attempt to create a mathematical theory embracing not only mor- 
phogenesis, but also behaviour and language.*! His main concern 
is to find an appropriate mathematical formalism for these prob- 
lems, which have so far resisted mathematical treatment. The final 
objective is to produce mathematical models which correspond as 
closely as possible to developmental processes. These models 
would be topological, qualitative rather than quantitative, and 
would not depend on any particular scheme of causal explanation: 
‘One essential feature of our use of local models is that it implies 
nothing about the “ultimate nature of reality”; even if this is ever 
revealed by analysis complicated beyond description, only a part of 
its manifestation, the so-called observables, are finally relevant to 
the macroscopic description of the system. The phase space of our 
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dynamical model is defined using only these observables and 
without reference to any more or less chaotic underlying 
structures. ”?? 

The problem with this approach is that it is essentially descrip- 
tive; it does little to explain morphogenesis. This is indeed the case 
with all existing organismic theories of morphogenesis. Compare, 
for example, Waddington’s chreode with Driesch’s entelechy. Both 
include the idea that development is guided or canalized in space 
and time by something which cannot itself be regarded as confined 
to a particular place and time; both see this as somehow including 
within itself the end or goal of the developmental process, and 
both thereby provide a way of thinking about regulation. The main 
difference between the two is that Driesch tried to say how the 
process he proposed might actually work, whereas Waddington did 
not. The concept of the chreode was therefore less open to attack 
because it remained so vague.” In fact, Waddington regarded the 
concepts of chreodes and morphogenetic fields as ‘essentially a 
descriptive convenience’.** Like a number of other organicists, he 
denied that he was suggesting the operation of anything other than 
known physical causes.” However, not all organicists make this 
denial; some leave the question open. This explicitly non-committal 
attitude is illustrated by the following discussion of the morphogen- 
etic field by B.C. Goodwin: 


‘One aspect of the field is that electrical forces can affect it. Other 
developing and regenerating organisms have also been found to have 
interesting and significant electrical field patterns, but I would not wish to 
suggest that the morphogenetic field is essentially electrical. Chemical 
substances also affect polarity and other spatial aspects of developing 
organisms; and again I would not wish to draw the conclusion that the 
morphogenetic field is essentially chemical or biochemical in nature. My 
belief is that its investigation should proceed on the assumption that it 
could be any, or all or none of these things; but that, despite agnosticism 
regarding its material nature, it plays a primary role in the developmental 
process.”°6 


The openness of this concept makes it the most promising 
starting point for a detailed organismic theory of morphogenesis. 
But clearly, if morphogenetic fields are considered to be fully 
explicable in terms of known physical principles, they represent 
nothing but an ambiguous terminology superimposed upon a 
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sophisticated version of the mechanistic theory. Only if they are 
assumed to play a causal role, at present unrecognized by physics, 
can a testable theory be developed. This possibility is explored in 
the following chapters. 
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3 
The Causes of Form 


3.1 The problem of form 


It is not immediately obvious that form presents any problem at all. 
The world around us is full of forms; we recognize them in every 
act of perception. But we easily forget that there is a vast gulf 
between this aspect of our experience, which we simply take for 
granted, and the quantitative factors with which physics concerns 
itself: mass, momentum, energy, temperature, pressure, electric 
charge, etc.’ 

The relationships between the quantitative factors of physics can 
be expressed mathematically, and physical changes can be 
described by means of equations. The construction of these 
equations is possible because fundamental physical quantities are 
conserved according to the Principles of Conservation of Mass and 
Energy, Momentum, Electric Charge, etc.: the total amount of 
mass and energy, momentum, electric charge, etc. before a given 
physical change equals the total amount afterwards. But form does 
not enter into these equations: it is not a vector or scalar quantity, 
nor is it conserved. For example, if a bunch of flowers is thrown 
into a furnace and reduced to ashes, the total amount of matter 
and energy remains the same, but the form of the flowers simply 
disappears. 

Physical quantities can be measured with instruments to a high 
degree of accuracy. But forms cannot be measured on a quantitative 
scale, nor do they need to be, even by scientists. A botanist does 
not measure the difference between two species on the dial of an 
instrument; nor does an entomologist recognize butterflies by 
means of a machine, nor an anatomist bones, nor a histologist 
cells. All these forms are recognized directly. Then specimens of 
plants are preserved in herbaria, butterflies and bones in cabinets, 
and cells on microscope slides. As forms they are simply them- 
selves; they cannot be reduced to anything else. The description 
and classification of forms is in fact the primary concern of many 
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branches of science; even in a physical science such as chemistry, a 
major objective is the elucidation of the forms of molecules, 
represented diagrammatically in two-dimensional ‘structural for- 
mulae’ or in three-dimensional models of the ‘ball and stick’ type. 

The forms of all but the simplest systems can only be represented 
visually, whether by photographs, drawings, diagrams or models. 
They cannot be represented mathematically. Even the most 
advanced topological methods are not yet sufficiently developed to 
be capable of providing mathematical formulae for, say, a giraffe or 
an oak tree. Some of the new methods being developed by Thom 
and others may eventually be able to deal with problems such as 
these, but there are mathematical difficulties not only in practice 
but in principle.” 

If the mere description of any but the simplest static forms * 
presents a mathematical problem of appalling complexity, the 
description of change of form, of morphogenesis, is even more 
difficult. This is the subject of Thom’s ‘catastrophe theory’, which 
classifies and describes in general terms the possible types of 
change of form, or ‘catastrophe’. He applies this theory to the 
problems of morphogenesis by constructing mathematical models 
in which the end or goal of a morphogenetic process, the final 
form, is represented by an ‘attractor’ within a morphogenetic 
field. He postulates that every object, or physical form, can be 
represented by such an attractor and that all morphogenesis ‘can 
be described by the disappearance of the attractors representing 
the initial forms, and their replacement by capture by the attractors 
representing the final forms’.? 

In order to develop topological models which correspond to 
particular morphogenetic processes, formulae are found by a 
combination of trial and error and inspired guess-work. If a 
mathematical expression gives too many solutions, restrictions have 
to be introduced into it; and if a function is too restricted, a more 
generalized function is used instead. By methods such as these, 
Thom hopes that it should eventually be possible to develop 
topological expressions which correspond in detail to actual mor- 
phogenetic processes. But even so, these models would probably 
not enable quantitative predictions to be made. Their main value 
might lie in drawing attention to formal analogies between different 
types of morphogenesis.* 
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At first sight, the mathematical formalism of Information Theory 
may seem preferable to this topological approach. But in fact 
Information Theory is severely limited in its scope. It was originally 
developed by telephone engineers in connection with the trans- 
mission of messages from a source, through a channel, to a 
receiver; it was primarily concerned with the question of how the 
characteristics of a channel influence the amount of information 
that can be transmitted in a given time. One of the basic results is 
that in a closed system, no more information can be transmitted to 
the receiver than was contained in the source, although the form 
of the information can be changed, for example from the dots and 
dashes of Morse code to words. The information content of an 
event is defined not by what has happened, but only with respect 
to what might have happened instead. For this purpose binary 
symbols are usually used, and then the information content of a 
pattern is determined by finding out how many yes or no decisions 
are needed to specify which particular class of a pattern out of a 
known number of classes has occurred. 

In biology this theory has some relevance to the quantitative 
study of the transmission of impulses by nerve fibres; to a lesser 
extent it has a bearing on the transmission of a sequence of bases 
in the DNA of parents to the DNA of their offspring, although 
even in such a simple case as this it can be seriously misleading, 
because in living organisms things happen which do not occur in 
telephone wires: genes mutate, parts of chromosomes undergo 
inversions, translocations, etc. But Information Theory is not 
relevant to biological morphogenesis: it applies only to the trans- 
mission of information within closed systems, and it cannot allow 
for an increase in the content of information during this process.° 
Developing organisms are not closed systems, and their develop- 
ment is epigenetic, i.e. the complexity of form and organization 
increases. Although mechanistic biologists often speak of “genetic 
information’, ‘positional information’, etc. as if these terms had 
some well-defined meaning, this is an illusion: they borrow only 
the jargon of Information Theory, and leave its rigour behind. 

_ However, even if impressively detailed mathematical models of 
morphogenetic processes could be made by whatever method, and 
even if they gave rise to predictions which agreed with experimental 
evidence, there would still be the question of what these models 


62 The Causes of Form 


corresponded to. Indeed the same question is raised by the 
correspondence between mathematical models and empirical obser- 
vations in any branch of science. 

One answer is provided by a mathematical mysticism of the 
Pythagorean type: the universe is seen as dependent upon a 
fundamental mathematical order which somehow gives rise to all 
empirical phenomena; this transcendent order is revealed and 
becomes comprehensible only through the methods of mathemat- 
ics. Although this attitude is rarely advocated explicitly, it has a 
strong influence within modern science, and can often be found, 
more or less thinly disguised, among mathematicians and physicists. 

Alternatively, the correspondence can be explained by the tend- 
ency of the mind to seek and find order in experience: the ordered 
structures of mathematics, creations of the human mind, are 
superimposed onto experience, and those that do not fit are 
discarded; thus by a process resembling natural selection, those 
mathematical formulae which fit best are retained. In this view, 
scientific activity is concerned only with the development and 
empirical testing of mathematical models of more or less isolated 
and definable aspects of the world; it cannot lead to any fundamen- 
tal understanding of reality. 

However, in relation to the problem of form, there is a different 
type of approach which necessitates neither an acceptance of 
Pythagorean mysticism, nor the abandoning of the possibility of 
explanation. If the forms of things are to be understood, they need 
not be explained in terms of numbers, but in terms of more 
fundamental forms. Plato considered that the forms in the world of 
sense-experience were like imperfect reflections of transcendent, 
archetypal Forms or Ideas. But this doctrine, strongly influenced 
by the mysticism of the Pythagoreans, failed to explain how the 
eternal Forms were related to the changing world of phenomena. 
Aristotle believed this problem could be overcome by regarding 
the forms of things as immanent, rather than transcendent: specific 
forms were not only inherent in objects, but actually caused them to 
take up their characteristic forms. 

This type of alternative to Pythagorean mysticism has been 
developed in modern non-mechanistic theories of morphogenesis. 
In Driesch’s system, which was explicitly based on that of Aristotle, 
the specific forms of living organisms were caused by a non- 
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energetic agency, entelechy. The morphogenetic fields and 
chreodes of the organicists play a similar role in guiding morpho- 
genetic processes towards specific final forms. But their nature has 
so far remained obscure. 

This obscurity may be due, in part, to the Platonic tend- 
ency of much organismic thought, most clearly apparent in 
A.N. Whitehead’s system of philosophy. Whitehead postulated 
that all actual events involved what he called Eternal Objects; the 
latter collectively made up the realm of possibility, and included all 
possible forms; indeed, they strongly resembled Platonic Forms.’ 
But clearly, a metaphysical notion of morphogenetic fields as 
aspects of Platonic Forms or Eternal Objects would be of little 
value to experimental science. Only if they are regarded as physical 
entities which have physical effects can they help to provide a 
scientific understanding of morphogenesis. 

The organismic philosophy embraces both biology and physics; 
hence if morphogenetic fields are assumed to play a causal role in 
biological morphogenesis, they should also play a causal role in the 
morphogenesis of simpler systems such as crystals and molecules. 
Such fields are not recognized in the existing theories of physics. 
Therefore it is important to consider to what extent these existing 
theories are capable of explaining the morphogenesis of purely 
chemical systems. If they are able to provide an adequate expla- 
nation, then the idea of morphogenetic fields is gratuitous; but if 
they are not, the way lies open for a new hypothesis of the 
causation of form through morphogenetic fields in both biological 
and non-biological systems. 


3.2 Form and energy 


In Newtonian physics, all causation was seen in terms of energy, the 
principle of movement and change. 

All moving things have energy — the kinetic energy of moving 
bodies, thermal vibration and electromagnetic radiation — and this 
energy can cause other things to move. Static things may also have 
energy, a potential energy which is due to their tendency to move; 
they are only static because they are restrained by forces which 
oppose this tendency. 

Gravitational attraction was thought to depend on a force which 
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acted at a distance causing bodies to move, or giving them a 
tendency to move, a potential energy. However, no reason could 
be given for the existence of this attractive force itself. By contrast, 
gravitational as well as electromagnetic effects are now explained 
in terms of fields. Whereas the Newtonian forces were supposed to 
arise in some unexplained way from material bodies and to spread 
out from them into space, in modern physics the fields are primary: 
they underlie both material bodies and the space in between them. 

This picture is complicated by the fact that there are several 
different types of field. First, the gravitational field, which in 
Einstein’s General Theory of Relativity is equated with space- 
time, and considered to be curved in the presence of matter. 
Secondly, the electromagnetic field, within which electrical charges 
are localized, and through which electromagnetic radiations propa- 
gate as vibrational disturbances. According to the quantum theory, 
these disturbances are regarded as particle-like photons associated 
with discrete quanta of energy. Thirdly, in the quantum field 
theory of matter, sub-atomic particles are thought of as quanta of 
excitation of matter fields. Each kind of particle has its own special 
type of field: a proton is a quantum of the proton-antiproton field, 
an electron a quantum of the electron-positron field, and so on. 

In these theories, physical phenomena are explained by a combi- 
nation of the concepts of spatial fields and of energy, not in terms 
of energy alone. Thus although energy can be regarded as the 
cause of change, the ordering of change depends on the spatial 
structure of the fields. These structures have physical effects, but 
they are not in themselves a type of energy; they act as ‘geometrical’ 
or spatial causes. The radical difference between this idea and the 
notion of exclusively energetic causation is illustrated in the contrast 
between Newton’s and Einstein’s theories of gravitation: for exam- 
ple, according to the former the moon moves around the earth 
because it is pulled towards it by an attractive force; according to 
the latter, it does so because the very space in which it moves is 
curved. G 

The modern understanding of the structure of chemical systems 
depends on the concepts of quantum mechanics and of electro- 
magnetism; gravitational effects are very small by comparison and 
can be ignored. The possible ways in which the atoms can combine 
together are given by the Schrödinger equation of quantum mech- 
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anics, which enables the orbitals of electrons to be calculated in 
terms of probabilities; in the quantum field theory of matter these 
orbitals can be regarded as structures within the electron-positron 
field. But since electrons and atomic nuclei are electrically charged, 
they are also associated with spatial patterns within the electromag- 
netic field, and hence with potential energies. Not all the possible 
spatial arrangements of a given number of atoms have the same 
potential energy, and only the arrangement with the lowest potential 
energy will be stable for reasons indicated in Fig. 6. If a system is 
in a state which has a higher energy than possible alternative states, 
any small displacement (for example due to thermal agitation) will 
cause it to move into another state (A). If, on the other hand, it is 
in a state with a lower energy than possible alternatives, after small 
displacements it will return to this state, which is consequently 
stable (B). A system may also exist temporarily in a state which is 
not the most stable so long as it is not displaced above the level of 
a ‘barrier’ (C); when this happens it will move into a stabler, 
lower-energy state. 

These energetic considerations determine which is the most 
stable state of a chemical structure, but they do not account for its 
spatial characteristics, which in Fig. 6 are represented by the slopes 
down which the ball rolls, and which act as barriers confining it. 
These depend on spatial patterns given by the fields of matter and 
electromagnetism. 

According to the second law of thermodynamics, spontaneous 
processes within a closed system tend towards a state of equilib- 
rium; as they do so, initial differences in temperature, pressure etc. 
between different parts of the system tend to disappear. In technical 


Figure 6 A diagrammatic representation of unstable (A), stable (B) and 
partially stable (C) states. 
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language, the entropy of a closed macroscopic system either stays 
the same or increases. 

The significance of this law is often exaggerated in popular 
accounts; in particular, the term entropy is treated as if it was 
synonymous with ‘disorder’. Then the increasing complexity of 
organization which occurs in the evolution and development of 
living organisms appears to contradict the principle of increasing 
entropy. This confusion arises from a misunderstanding of the 
limitations of the science of thermodynamics. First, it applies only 
to closed systems, whereas living organisms are open systems, 
exchanging matter and energy with their environment. Secondly, it 
deals only with the inter-relations between heat and other forms of 
energy: it is relevant to the energetic factors which affect chemical 
and biological structures, but does not account for the existence of 
these structures in the first place. And thirdly, the technical 
definition of entropy bears little relation to any non-technical 
conception of disorder; in particular, it is not concerned with the 
type of order inherent in the specific structures of chemical and 
biological systems. According to the third law of thermodynamics, 
at absolute zero the entropies of all pure crystalline solids are zero. 
They are perfectly ‘ordered’ from a thermodynamic point of view 
because there is no disorder due to thermal agitation. But all are 
equally ordered: there is no difference in entropy between a simple 
salt crystal and a crystal of an extremely complex organic macro- 
molecule such as haemoglobin. It follows that the greater structural 
complexity of the latter is not measurable in terms of entropy. 

The contrast between ‘order’ in the sense of chemical or 
biological structure, and thermodynamic ‘order’ owing to inequal- 
ities of temperature, etc. in a large system consisting of countless 
atoms and molecules is illustrated by the process of crystallization. 
If a solution of a salt is placed in a dish inside a cold enclosure, the 
salt crystallizes as the solution cools. Initially, its constituent ions 
are distributed at random within the solution, but as crystallization 
takes place they become ordered with great regularity within the 
crystals, and the crystals themselves develop into macroscopically 
symmetrical structures. From a morphological point of view, there 
has been a considerable increase in order; but from a thermodyn- 
amic point of view there has been a decrease in ‘order’, an increase 
in entropy, owing to the equalization of temperature between the 
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solution and its surroundings, and to the release of heat during the 
process of crystallization, leading to a greater thermal agitation of 
the solvent molecules. 

Similarly, when an animal embryo grows and develops, there is 
an increase in entropy of the thermodynamic system consisting of 
the embryo and the environment from which it takes its food and 
to which it releases heat and excretory products. The second law 
of thermodynamics serves to emphasize this dependence of living 
organisms on external sources of energy, but it does nothing to 
explain their specific forms. 

In the most general terms, form and energy bear an inverse 
relationship to each other: energy is the principle of change, but a 
form or structure can only exist as long as it has a certain stability 
and resistance to change. This opposition is clearly apparent in the 
relationship between the states of matter and temperature. Under 
sufficiently cool conditions, substances exist in crystalline forms in 
which the arrangements of the molecules show a high degree of 
regularity and order. As the temperature is raised, at a certain 
point the thermal energy causes the crystalline form to disintegrate; 
the solid melts. In the liquid state the molecules arrange themselves 
in transient patterns which constantly shift and change. The forces 
between the molecules create a surface tension which imparts 
simple forms to the liquid as a whole, as in spherical drops. With a 
further rise in temperature the liquid vaporizes; in the gaseous state 
the molecules are isolated and behave more or less independently of 
each other. At higher temperatures still, the molecules themselves 
disintegrate into atoms, and at yet higher temperatures even the 
atoms break up to give a mixed gas of electrons and atomic nuclei, 
a plasma. 

When this sequence is viewed in reverse, progressively more 
complex and organized structures appear as the temperature is 
reduced, the most stable ones first and the least stable ones last. 
As a plasma cools, appropriate numbers of electrons congregate 
around atomic nuclei in their appropriate orbitals. At lower tem- 
peratures atoms come together into molecules. Then as the gas 
condenses into droplets, supra-molecular forces come into play. 
Finally when the liquid crystallizes a high degree of supra- 
molecular order is established. 

These forms appear spontaneously. They cannot be explained in 
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terms of external energy, except negatively in the sense that they 
can come into being and persist only below a certain temperature. 
They can be explained in terms of internal energy only to the 
extent that out of all the possible structural arrangements, only the 
one with the lowest potential energy will be stable; this is therefore 
the structure that will spontaneously tend to be taken up. 


3.3 The prediction of chemical structures 


Quantum mechanics is able to describe in detail the electronic 
orbitals and the energy states of the simplest of all chemical 
systems, the hydrogen atom. With more complicated atoms and 
with even the simplest chemical molecules its methods are no 
longer so precise; the complexity of the calculations becomes 
formidable, and only approxiate methods can be used. For complex 
molecules and crystals detailed calculations are impossible, at least 
in practice. The structures of the molecules and the atomic 
arrangements within crystals can be found out empirically, by 
chemical and crystallographic methods; these structures may 
indeed be more or less predictable by chemists and crystallogra- 
phers on the basis of empirical laws. But this is a very different 
matter from providing a fundamental explanation of chemical 
structures by means of the Schrédinger wave equation. 

It is important to realize this severe limitation of quantum 
mechanics. Certainly it helps to provide a qualitative or semi- 
quantitative understanding of chemical bonds and of certain aspects 
of crystals, such as the difference between insulators and electrical 
conductors. But it has not enabled the forms and properties of 
even simple molecules and crystals to be predicted from first 
principles. The situation is even worse with regard to the liquid 
state, of which there is still no satisfactory quantitative account. 
And it is illusory to imagine that quantum mechanics in any 
detailed or rigorous way explains the forms and properties of the 
very complex molecules and macro-molecular aggregates studied 
by biochemists and molecular biologists, not to mention the vastly 
greater complexity of form and properties of even the simplest 
living cell. 

So widespread is the assumption that chemistry provides a firm 
foundation for the mechanistic understanding of life, it is perhaps 


The prediction of chemical structures 69 


necessary to emphasize on what very slender foundations of 
physical theory chemistry itself rests. In the words of Linus Pauling: 


“We may believe the theoretical physicist who tells us that all the properties 
of substances should be calculable by known methods — the solution of 
the Schrédinger equation. In fact, however, we have seen that during the 
30 years since the Schrédinger equation was discovered only a few 
accurate non-empirical quantum-mechanical calculations of the properties 
of substances in which the chemist is interested have been made. The 
chemist must still rely upon experiment for most of his information about 
the properties of substances.”® 


Although a further 20 years have passed since this passage was 
published, and although there have been important improvements 
in the approximate methods of calculation available to quantum 
chemists, the situation remains essentially the same today. 

Nevertheless, it may be argued that the detailed calculations 
could be carried out in principle. But even assuming for the 
purpose of argument that these calculations could indeed be 
performed, it cannot be known in advance that they will be correct, 
that is to say agree with empirical observations. So at present there 
is no evidence for the conventional assumption that complex 
chemical and biological structures can be fully explained in terms 
of existing physical theory. 

The reasons for the difficulty, if not impossibility, of predicting 
the form of a complex chemical structure on the basis of the 
properties of its constituent atoms can perhaps be understood 
more clearly by means of a simple illustration. Consider elementary 
building blocks which can be added to each other one at a time 
either endways or sideways (Fig. 7). With two building blocks 
there are 2?=4 possible combinations; with three, 2°=8; with 
four, 2*=16; with five, 2°=32; with ten, 2'°=1,024; with twenty, 
2?0= 1,048,576; with thirty, 2°°=1,073,741,824; and so on. The 
number of possibilities soon becomes enormous. 

In a chemical’ system, the different possible arrangements of 
atoms have different potential energies owing to the electrical and 
other interactions between them; the system will spontaneously 
tend to take up the structure with the minimum potential energy. 
In a simple system with only a few possible structures, one may 
have a distinctly lower energy than the others; in Fig. 8 A this is 
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2 blocks : 22 = 4 combinations 


3 blocks : 23 = 8 combinations 


4 blocks : 24 = 16 combinations 


5 blocks : 25 = 32 combinations 


Figure 7 Possible combination of different numbers of building blocks 


capable of being joined together either endways or sideways. 


represented by the minimum at the bottom of the ‘potential well’; 
other less stable possibilities are represented by local minima on 
the side of the ‘well’. In systems of increasing complexity, the 
number of possible structures increases (Fig. 8 B,C,D); as it does 
so the chance of there being a unique minimum-energy structure 
seems likely to diminish. In the situation represented by Fig. 8 D 
several different structures would be equally stable from an ener- 
getic point of view. If the system were found to take up any of 
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these possible structures at random, or if it oscillated between 
them, then there would be no problem. But if it invariably took up 
only one of these structures, this would indicate that some factor 
other than energy somehow determined that this particular struc- 
ture was realized rather than the other possibilities. No such factor 
is at present recognized by physics. 

Although chemists, crystallographers and molecular biologists 
cannot carry out the detailed calculations necessary to predict the 
minimum-energy structure or structures of a system @ priori, they 
are able to use various approximate methods in combination with 
empirical data on the structures of similar substances. In general, 
these calculations do not permit unique structures to be predicted 
(except for the simplest of systems), but only a range of possible 
structures with more or less equal minimum energies. Thus these 
approximate results appear to support the idea that energetic 
considerations are insufficient to account for the unique structure 
of a complex chemical system. But this conclusion can always be 


Figure 8 A diagrammatic representation of the possible structures of 
systems of increasing complexity. In A there is a unique minimum-energy 
structure, but in D several different possible structures are equally stable. 


G2 The Causes of Form 


avoided by re-asserting that the unique stable structure must have 
a lower energy than any other possible structure. This assertion 
could never be falsified because in practice only approximate 
methods of calculation can be used; the unique structure actually 
realized could therefore always be attributed to subtle energetic 
effects which eluded calculation. 

The following discussion of Pauling’s illustrates the situation 
with regard to the structure of inorganic crystals: 


‘Simple ionic substances such as the alkali halogenides have little choice 
of structure; and a very few relatively stable ionic arrangements corre- 
sponding to the formula M*X~ exist, and the various factors that 
influence the stability of the crystal are pitted against one another, with 
no one factor necessarily finding clear expression in the decision between 
the sodium chloride and the caesium chloride arrangements. For a 
complex substance, such as mica, KAIsSisOi0(OH)2, or zunyite, 
Ali3SisO20(OH)1sC1, on the other hand, many conceivable structures 
differing only slightly in nature and stability can be suggested, and it 
might be expected that the most stable of these possible structures, the 
one actually assumed by the substance, will reflect in its various features 
the different factors which are of significance in determining the structure 
of ionic crystals. It has been found possible to formulate a set of rules 
about the stability of complex ionic crystals . . . These rules were obtained 
in part by induction from the structures known in 1928, and in part by 
deduction from the equations of crystal energy. They are not rigorous in 
their derivation nor universal in their application, but they have been 
found useful as a criterion for the probable correctness of reported 
structures for complex crystals and an aid to X-ray investigation of crystals 
by pos possible the suggestion of reasonable structures for experimental 
test.’ 


The range of possible structures becomes much greater in 
organic chemistry, especially in the case of macromolecules such 
as proteins, the polypeptide chains of which twist, turn and fold 
into complicated three-dimensional forms (F ig. 9). There is good 
evidence that under conditions in which a given type of protein 
molecule is stable, it folds up into a unique structure. In numerous 
experimental studies, proteins have been made to unfold to varying 
degrees by changing their chemical environment; they have then 
been found to fold up again into their normal structure when they 
are replaced in appropriate conditions; in spite of starting from 
different initial states and following different ‘pathways’ of folding, 
they reach the same structural end-point.!° 
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Figure 9 Above: The structure of the enzyme phosphoglycerate kinase, 
isolated from horse muscle. « — helices are represented by cylinders and 


B — strands by arrows. 
Below: The structure of an « — helical region in more detail. (After Banks 


et al., 1979.) 


This stable end-point is likely to be a minimum-energy structure. 
But this does not prove that it is the only possible structure with a 
minimum energy; there may be many other possible structures 
with the same minimum energy. Indeed, calculations designed to 
predict the three-dimensional structure of proteins, using various 
methods of approximation, invariably give far too many solutions. 
In the literature on protein folding, this is known as the ‘multiple- 


minimum problem’."' 
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There are persuasive reasons for thinking that the protein itself 
does not ‘test’ all these minima until it finds the right one: - 


‘If the chain explored all possible configurations at random by rotations 
about the various single bonds of the structure, it would take too long to 
reach the native configuration. For example, if the individual residues of 
an unfolded polypeptide chain can exist in only two states, which is a 
gross underestimate, then the number of possible randomly generated 
conformations is 10* for a chain of 150 amino acid residues (although, 
of course, most of these would probably be sterically impossible ones). If 
each conformation could be explored with a frequency of a molecular 
rotation (10'’sec.—'), which is an overestimate, it would take approxi- 
mately 107° years to examine all possible conformations. Since the 
synthesis and folding of a protein chain such as that of ribonuclease or 
lysozyme can be accomplished in about 2 minutes, it is clear that all 
conformations are not traversed in the folding process. Instead, it appears 
to us that, in response to local interactions, the peptide chain is directed 
along a variety of possible low-energy pathways (relatively small in 
number), possibly passing through unique intermediate States, towards the 
conformation of lowest free energy.’ (C.B. Anfinsen and H.A. Scheraga.!2) 


But not only may the folding process be ‘directed’ along certain 
pathways, it may also be directed towards one particular confor- 
mation of minimum energy, rather than any other possible confor- 
mations with the same minimum energy. 

This discussion leads to the general conclusion that the existing 
theories of physics may well be incapable of explaining the unique 
structures of complex molecules and crystals; they permit a range 
of possible minimum-energy structures to be suggested, but there 
is no evidence that they can account for the fact that one rather 
than another of these possible structures is realized. It is therefore 
conceivable that some factor other than energy ‘selects’ between 
these possibilities and thus determines the specific structure taken 
up by the system." The hypothesis that will now be developed is 
based on the idea that this ‘selection’ is brought about by a new 
type of causation, at present unrecognized by physics, through the 
agency of morphogenetic fields. 


3.4 Formative causation 


The hypothesis of formative causation proposes that morphogenetic 
fields play a causal role in the development and maintenance ef the 
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forms of systems at all levels of complexity. In this context, the 
word ‘form’ is taken to include not only the shape of the outer 
surface or boundary of a system, but also its internal structure. 
This suggested causation of form by morphogenetic fields is called 
formative causation in order to distinguish it from the energetic 
type of causation with which physics already deals so thoroughly.’* 
For although morphogenetic fields can only bring about their 
effects in conjunction with energetic processes, they are not in 
themselves energetic. 

' The idea of non-energetic formative causation is easier to grasp 
with the help of an architectural analogy. In order to construct a 
house, bricks and other building materials are necessary; so are the 
builders who put the materials into place; and so is the architectural 
plan which determines the form of the house. The same builders 
doing the same total amount of work using the same quantity of 
building materials could produce a house of different form on the 
basis of a different plan. Thus the plan can be regarded as a cause 
of the specific form of the house, although of course it is not the 
only cause: it could never be realized without the building materials 
and the activity of the builders. Similarly, a specific morphogenetic 
field is a cause of the specific form taken up by a system, although 
it cannot act without suitable ‘building blocks’ and without the 
energy necessary to move them into place. 

This analogy is not intended to suggest that the causative role of 
morphogenetic fields depends on conscious design, but only to 
emphasize that not all causation need be energetic, even though all 
processes of change involve energy. The plan of a house is not in 
itself a type of energy. Even when it is drawn on paper, or finally 
realized in the form of the house, it does not weigh anything or 
have any energy of its own. If the paper is burnt or the house is 
demolished, there is no measurable change in the total amount of 
mass and energy; the plan simply vanishes. Likewise, according to 
the hypothesis of formative causation, morphogenetic fields are not 
in themselves energetic; but nevertheless they play a causal role in 
determining the forms of the systems with which they are associ- 
ated. For if a system were associated with a different morphogenetic 
field, it would develop differently." This hypothesis is empirically 
testable in cases where the morphogenetic fields acting on systems 
can be altered (Sections 5.6, 7.4, 7.6, 11.2, and 11.4 below). 
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Morphogenetic fields can be regarded as analogous to the known 
fields of physics in that they are capable of ordering physical 
changes, even though they themselves cannot be observed directly. 
Gravitational and electromagnetic fields are spatial structures which 
are invisible, intangible, inaudible, tasteless and odourless; they 
are detectable only through their respective gravitational and 
electromagnetic effects. In order to account for the fact that 
physical systems influence each other at a distance without any 
apparent material connection between them, these hypothetical 
fields are endowed with the property of traversing empty space, or 
even actually constituting it. In one sense, they are non-material; 
but in another sense they are aspects of matter because they can 
only be known through their effects on material systems. In effect, 
the scientific definition of matter has simply been widened to take 
them into account. Similarly, morphogenetic fields are spatial 
structures detectable only through their morphogenetic effects on 
material systems; they too can be regarded as aspects of matter if 
the definition of matter is widened still further to include them. 

Although in the preceding Sections only the morphogenesis of 
biological and complex chemical systems has been discussed, the 
hypothesis of formative causation will be assumed to apply to 
biological and physical systems at all levels of complexity. Since 
each kind of system has its own characteristic form, each must 
have a specific kind of morphogenetic field: thus there must be 
one kind of morphogenetic field for protons; another for nitrogen 
atoms; another for water molecules; another for sodium chloride 
crystals; another for the muscle cells of earthworms; another for 
the kidneys of sheep; another for elephants; another for beech 
trees; and so on. 

According to the organismic theory, systems or ‘organisms’ are 
hierarchically organized at all levels of complexity.’® In the present 
discussion these systems will be referred to as morphic units. The 
adjective morphic (from the Greek root morphé= form) emphasizes 
the aspect of structure, and the word unit the unity or wholeness 
of the system. In this sense, chemical and biological systems are 
composed of hierarchies of morphic units: a crystal, for example, 
contains molecules, which contain atoms, which contain sub-atomic 
particles. Crystals, molecules, atoms, and sub-atomic particles are 
morphic units, as are animals and plants, organs, tissues, cells and 
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‘Tree’ diagram of hierarchical ‘Chinese box’ diagram of 


system hierarchical system 


Figure 10 Alternative ways of representing a simple hierarchical system. 


organelles. Simple examples of this hierarchical type of organization 
can be visualized diagrammatically either as a ‘tree’ or as a series 
of ‘Chinese boxes’ (Fig. 10). 

A higher-level morphic unit must somehow co-ordinate the 
arrangement of the parts of which it is composed. It will be 
assumed to do so through the influence of its morphogenetic field 
on the morphogenetic fields of lower-level morphic units. Thus 
morphogenetic fields, like morphic units themselves, are essentially 
hierarchical in their organization. 

The way in which morphogenetic fields might act upon the 
systems under their influence is discussed in the following chapter; 
and the question of where they themselves come from and what 
gives them their specific structure is discussed in Chapter 5. 
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Notes 


l An excellent introduction to the problem of organic form is 

provided by Sinnott (1963). 

For a discussion of this problem, see Thom (1975 a). 

ibid., p.320. 

Thom (1975 b). 

For a discussion of the limited relevance of Information Theory 

to biology, see Waddington (1975), pp. 209-230. 

Numerous examples of the combination of aspects of the 

organismic philosophy with explicitly neo-Platonic speculation 

are provided by Ruyer (1974) in his account of a small neo- 

gnostic group in the United States, whose members include a 

number of prominent scientists. 

7 See Emmet (1966). 
8 Pauling (1960), p.220. 
9 ibid., p.543. 

10 Anfinsen and Scheraga (1975). 

11 For a recent review see Némethy and Scheraga (1977). 

12 Anfinsen and Scheraga (1975). 

13 Cf. Elsasser’s (1975) ‘principle of finite classes’. 

14 This distinction between formative causation and energetic 
causation resembles Aristotle’s distinction between ‘formal 
causes’ and ‘efficient causes’. However, the hypothesis of 
formative causation developed in the following chapters differs 
radically from Aristotle’s theory, which presupposed eternally 
given forms. 

15 From a theoretical point of view, the causal role of morphogen- 
etic fields can be analysed in terms of ‘counterfactual con- 
ditionals’. For a discussion of the latter, see for example Mackie 
(1974). 

16 Arthur Koestler has suggested the use of the term holon for 
such ‘self-regulating open systems which display both the 
autonomous properties of wholes and the dependent properties 
of parts’ (in Koestler and Smythies (eds) (1969), pp. 210-211). 
This term is wider in its application than the term morphic unit 
— it includes for example linguistic and social structures — but it 
represents a very similar concept. _ 
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4 
Morphogenetic Fields 


4.1 Morphogenetic germs 


Morphogenesis does not take place in a vacuum. It can only begin 
from an already organized system which serves as a morphogenetic 
germ. During morphogenesis a new higher-level morphic unit 
comes into being around this germ, under the influence of a 
specific morphogenetic field. So how does this field become 
associated with the morphogenetic germ to start with? 

The answer may be that just as the association of material 
systems with gravitational fields depends on their mass, and with 
electromagnetic fields on their electrical charge, so the association 
of systems with morphogenetic fields depends on their form. 
Hence a morphogenetic germ becomes surrounded by a particular 
morphogenetic field because of its characteristic form. 

The morphogenetic germ is a part of the system-to-be. There- 
fore part of the system’s morphogenetic field corresponds to it. 
However, the rest of the field is not yet ‘occupied’ or ‘filled out’; it 
contains the virtual form of the final system, which is actualized 
only when all its material parts have taken up their appropriate 
places. The morphogenetic field is then in coincidence with the 
actual form of the system. 

These processes are represented diagrammatically in Fig. 11 A. 
_ The stippled areas indicate the virtual form and the solid lines the 
actual form of the system. The morphogenetic field can be thought 
of as a structure surrounding or embedding the morphogenetic 
germ, and containing the virtual final form; this field then orders 
events within its range of influence in such a way that the virtual 
form is actualized: In the absence of the morphic units which 
constitute the parts of the final system, this field is undetectable; it 
reveals itself only through its ordering effects on these parts when 
they come within its influence. A rough analogy is provided by the 
‘lines of force’ in the magnetic field around a magnet; these spatial 
structures are revealed when particles capable of being magnetized, 
such as iron filings, are introduced into the vicinity. Nevertheless, 
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Figure 11 Diagrammatic 
representation of the development of a i : 

system from a morphogenetic germ (triangle) by the normal chreode, A. 
An alternative morphogenetic pathway is represented by B, regulation by 
C, and regeneration by D. The virtual form within the morphogenetic 
field is indicated by the stippled area. 
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the magnetic field can be considered to exist even when the iron 
filings are absent; likewise, the morphogenetic field around a 
morphogenetic germ exists as a spatial structure even though it has 
not yet been actualized in the final form of the system. However, 
morphogenetic fields differ radically from electromagnetic fields in 
that the latter depend on the actual state of the system — on 
the distribution and movement of charged particles — whereas 
morphogenetic fields correspond to the potential state of a develop- 
ing system and are already present before it takes up its final 
form.! 

In Fig. 11 A, there are several intermediate stages between the 
morphogenetic germ and the final form. The final form could also 
be reached by a different morphogenetic pathway (Fig. 11 B), but 
if a particular pathway is usually followed, this can be regarded as 
a ‘canalized pathway of change’, or chreode (cf. Fig. 5). 

If the developing system is damaged by the removal of a part of 
it, it may still be able to reach the final form (Fig. 11 C). This 
represents regulation. 

After the final form is actualized, the continued association 
between the morphogenetic field and the system whose form 
corresponds to it will tend to stabilize the latter. Any deviations of 
the system away from this form will tend to be corrected as the 
system is attracted back towards it. And if part of the system is 
removed, the final form will tend to be actualized again (Fig. 
11 D). This represents regeneration. 

The type of morphogenesis shown in Fig. 11 is essentially 
aggregative: previously separate morphic units come together into a 
higher-level morphic unit. Another type of morphogenesis is 
possible when the morphic unit which serves as the morphogenetic 
germ is already part of a different higher-level morphic unit. The 
influence of the new morphogenetic field leads to a transformation 
in which the form of the original higher-level morphic unit is 
replaced by the form of the new one. Most types of chemical 
morphogenesis are aggregative, whereas biological morphogenesis 
usually involves a combination of transformative and aggregative 
processes. Examples are considered in the following Sections. 


4.2 Chemical morphogenesis 
Aggregative morphogeneses occur progressively in inorganic 
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systems as the temperature is reduced: as a plasma cools, sub- 
atomic particles aggregate into atoms; at lower temperatures atoms 
aggregate into molecules; then molecules condense into liquids; 
and finally liquids crystallize. 

In the plasma state, the naked atomic nuclei can be regarded as 
the morphogenetic germs of atoms; they are associated with the 
atomic morphogenetic fields, which contain the virtual orbitals of 
electrons. In one sense these orbitals do not exist, but in another 
sense they have a reality which is revealed in the cooling plasma as 
they are actualized by the capture of electrons. 

Electrons which have been captured within atomic orbitals may 
be displaced from them again through the influence of external 
energy, or by entering a virtual orbital of lower potential energy. In 
the latter case, they lose a discrete quantum of energy which is 
radiated as a photon. In atoms with many electrons, each orbital 
can contain only two electrons (with opposing spins); thus in a 
cooling plasma the virtual orbitals with the lowest potential energies 
fill up with electrons first, then the orbitals with the next lowest 
energies, and so on until the complete atomic form has been 
actualized around the morphogenetic germ of the nucleus. 

Atoms are in turn the morphogenetic germs of molecules, and 
small molecules the germs of larger molecules. Chemical reactions 
involve either the aggregation of atoms and molecules into larger 
molecules — for example in the formation of polymers — or the 
fragmentation of molecules into smaller ones, or into atoms and 
ions, which may then aggregate with others, for example in 
combustion: under the influence of external energy, molecules 
fragment into atoms and ions which then combine with those of 
oxygen to form small, simple molecules like HO and CQ). 
These chemical changes involve the actualization of virtual forms 
associated with the atoms or molecules which act as morphogenetic 
germs. 

The idea that molecules have virtual forms before they are 
actualized is illustrated particularly clearly by the familiar fact that 
entirely new compounds can first be ‘designed’ on the basis of 
empirically determined principles of chemical combination and 
then actually synthesized by organic chemists. These laboratory 
syntheses are carried out step by step; in each step a particular 
molecular form serves as the morphogenetic germ for the next 
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virtual form to be synthesized, ending up with the form of the 
entirely new molecule. 

If it seems rather artificial to think of chemical reactions as 
morphogenetic processes, it should be remembered that much of 
the effect of catalysts, both inorganic and organic, depends on 
their morphology. For example, enzymes, the specific catalysts of 
the numerous reactions of biochemistry, provide surfaces, grooves, 
notches or basins into which the reacting molecules fit with a 
specificity which is often compared to that of a lock and key. The 
catalytic effect of enzymes depends to a large extent on the way in 
which they hold reactant molecules in the appropriate relative 
positions for reaction to occur. (In free solution the chance 
collisions of the molecules occur in all possible orientations, most 
of which are inappropriate.) 

The details of chemical morphogeneses are vague, partly because 
of their great rapidity, partly because the intermediate forms may 
be highly unstable, and also because the ultimate changes consist 
of probabilistic quantum jumps of electrons between the orbitals 
which constitute the chemical bonds. The virtual form of the 
molecule-to-be is outlined in the morphogenetic field associated 
with the atomic or molecular morphogenetic germ; when the other 
atom or molecule approaches in an appropriate orientation, the 
form of the product molecule is actualized by means of quantum 
jumps of electrons into orbitals which previously existed only as 
virtual forms; at the same time energy is released, usually as 
thermal motion. The role of the morphogenetic field in this process 
is, as it were, energetically passive, but morphologically active; it 
creates virtual structures which are then actualized as lower-level 
morphic units ‘slot’ or ‘snap’ into them, releasing energy as they 
do so. 

Any given type of atom or molecule can take part in many 
different types of chemical reaction, and it is therefore the potential 
germ of many different morphogenetic fields. These could be 
thought of as possibilities ‘hovering’ around it. However, it may 
not take on its role as the germ of a particular morphogenetic field 
until an appropriate reagent atom or molecule approaches it, 
perhaps owing to specific electromagnetic or other effects of the 
latter upon it. 

The morphogenesis of crystals differs from that of atoms and 
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molecules in that a particular pattern of atomic or molecular 
arrangement is repeated indefinitely. The morphogenetic germ is 
provided by this pattern itself. It is well known that the addition of 
‘seeds’ or ‘nuclei’ of the appropriate type of crystal greatly acceler- 
ates the crystallization of supercooled liquids or supersaturated 
solutions. In the absence of these seeds or nuclei, morphogenetic 
germs of the crystal come into being only when the atoms or 
molecules take up their appropriate relative positions by chance, 
owing to thermal agitation. Once the germ is present, the virtual 
forms of repetitions of the lattice structure given by the morphogen- 
etic field extend outwards from the surfaces of the growing crystal. 
Appropriate free atoms or molecules which approach these surfaces 
are captured and ‘slot’ into position; again thermal energy is 
released as they do so. 

The seeding or nucleation of supercooled liquids or supersatu- 
rated solutions can also be carried out, although less effectively, 
with small fragments of unrelated substances; for example, chemists 
often scratch the sides of test tubes to seed solutions with fragments 
of glass. These fragments provide surfaces which facilitate the 
appropriate relative positioning of the atoms or molecules which 
constitute the true morphogenetic germ of the crystal. In their 
morphogenetic effect these seeds resemble the catalysts of chemical 
reactions. 

All the types of chemical morphogenesis considered so far are 
essentially aggregative. Transformations are much less common in 
non-living systems. Most crystals, for example, cannot undergo 
transformations into other crystalline forms; they can be melted or 
dissolved, and then their constituents may take part in other 
processes of crystallization; but this is a disaggregation followed by 
new types of aggregation. Chemical reactions likewise involve 
disaggregative and aggregative changes. There are, however, 
important examples of molecular transformation, such as the 
folding of proteins, and the reversible changes of shape which 
occur when certain enzymes bind to the molecules whose reaction 
_ they catalyse.” 

The fact that proteins fold up far more rapidly than would be 
expected if they ‘found’ their final form by a ‘random search’ 
indicates that their folding follows particular pathways, or a limited 
number of pathways (Section 3.3). These ‘canalized pathways of 
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change’ can be regarded as chreodes. For the folding process to 
begin, according to the ideas developed in Section 4.1 above, a 
morphogenetic germ must be present, and this germ must already 
have the characteristic three-dimensional structure that it has in 
the final form of the protein. The existence of such morphogenetic 
starting points has in fact already been suggested in the literature 
on protein folding: 


‘The extreme rapidity of the refolding makes it essential that the process 
takes place along a limited number of pathways, even when the statistics 
are severely restricted by the kinds of stereochemical ground rules that 
are implicit in a so-called Ramachandran plot. It becomes necessary to 
postulate the existence of a limited number of allowable initiating events 
in the folding process. Such events, generally referred to as nucleations, 
are most likely to occur in parts of the polypeptide chain that can 
participate in conformational equilibria between random and cooperatively 
stabilized arrangements . . . Furthermore it is important to stress that the 
amino acid sequences of polypeptide chains designed to be the fabric of 
protein molecules only make functional sense when they are in the three- 
dimensional arrangement that characterizes them in the native protein 
molecule. It seems reasonable to suggest that portions of a protein chain 
that can serve as nucleation sites for folding will be those that can “flicker” 
in and out of the conformation that they occupy in the final protein, and 
that they will form a relatively rigid structure stabilized by a set of 
cooperative interactions.’ (C.B. Anfinsen.’) 


Such ‘nucleation sites’ would act as morphogenetic germs 
through their association with the morphogenetic field of the 
protein, which would then canalize the pathway of folding towards 
the characteristic final form. 


4.3 Morphogenetic fields as ‘probability structures’ 


The orbitals of electrons around an atomic nucleus can be regarded 
as structures within the morphogenetic field of the atom. These 
orbitals can be described by solutions of the Schrédinger equation. 
However, according to quantum mechanics, the precise orbits of 
electrons cannot be specified, but only the probabilities of finding 
electrons at particular points; the orbitals are regarded as prob- 
ability distributions in space. Within the context of the hypothesis 
of formative causation, this result suggests that just as these 
structures in the morphogenetic fields of atoms must be thought of 
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as spatial probability distributions, so morphogenetic fields in 
general are not precisely defined, but are given by probability 
distributions.* It will be assumed that this is in fact the case, and 
the structures of morphogenetic fields will henceforth be referred 
to as probability structures.’ An explanation for the probabilistic 
nature of these fields will be suggested in Section 5.4. 

The action of the morphogenetic field of a morphic unit on the 
‘morphogenetic fields of its parts, which are morphic units at lower 
levels (Section 3.4), can be thought of in terms of the influence of 
this higher-level probability structure on lower-level probability 
structures; the higher-level field modifies the probability structures 
of the lower-level fields. Consequently, during morphogenesis, the 
higher-level field modifies the probability of probabilistic events in 
the lower-level morphic units under its influence.° 

In the case of free atoms, electronic events take place with the 
probabilities given by the unmodified probability structures of 
the atomic morphogenetic fields. But when the atoms come under 
the influence of the higher-level morphogenetic field of a molecule, 
these probabilities are modified in such a way that the probability 
of events leading towards the actualization of the final form are 
enhanced, while the probability of other events is diminished. 
Thus the morphogenetic fields of molecules restrict the possible 
number of atomic configurations which would be expected on the 
basis of calculations which start from the probability structures of 
free atoms. And this is what is found in fact; in the case of protein 
folding, for example, the rapidity of the process indicates that the 
system does not ‘explore’ the countless configurations in which the 
atoms could conceivably be arranged (Section 3.3). 

Similarly, the morphogenetic fields of crystals restrict the large 
number of possible arrangements which would be permitted by the 
probability structures of their constituent molecules; hence one 
particular pattern of molecular arrangement is taken up as the 
substance crystallizes, rather than any of the other conceivable 
structures. 

Thus the morphogenetic fields of crystals and molecules are 
probability structures in the same sense as the electronic orbitals in 
the morphogenetic fields of atoms are probability structures. This 
conclusion agrees with the conventional assumption that there is 
no difference in kind between the description of simple atomic 
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systems by quantum mechanics and a potential quantum mechan- 
ical description of more complex forms. But unlike the hypothesis 
of formative causation, the conventional theory seeks to explain 
complex systems from the bottom up, as it were, in terms of the 
quantum mechanical properties of atoms. 

The difference between these two approaches can be seen more 
clearly in an historical context. Quantum theory itself was primarily 
elaborated in connection with the properties of simple systems 
such as hydrogen atoms. As time went on, new fundamental 
principles were introduced in order to account for empirical 
observations such as those on the fine structure of the spectra of 
light emitted by atoms. The original quantum numbers characteriz- 
ing the discrete electronic orbitals were supplemented by another 
set referring to angular momentum, and then yet more referring to 
‘spin’. The latter is considered to be an irreducible property of 
particles, just as electric charge is, and has its own conservation 
law. In nuclear particle physics, still more irreducible factors, such 
as ‘strangeness’ and ‘charm’, together with further conservation 
laws have been introduced more or less ad hoc in order to account 
for observations not explicable in terms of the already accepted 
quantum factors. Moreover, the discovery of large numbers of new 
sub-atomic particles has led to the postulation of an ever-increasing 
number of new kinds of matter field. 

When so many new physical principles and physical fields have 
been introduced in order to account for the properties of atoms 
and sub-atomic particles, the conventional assumption that no new 
physical principles or fields come into play at levels of organization 
above that of the atom seems remarkably arbitrary. It is in fact little 
more than a relic of nineteenth century atomism; now that atoms 
are no longer regarded as ultimate and indivisible, its original 
theoretical justification has vanished. From the point of view of the 
hypothesis of formative causation, although the existing body of 
quantum theory, developed in connection with the properties of 
atoms and sub-atomic particles, sheds much light on the nature 
of morphogenetic fields, it cannot be extrapolated to describe the 
morphogenetic fields of more complex systems. There is no reason 
why the morphogenetic fields of atoms should be considered to 
have a privileged position in the order of nature; they are simply 
the fields of morphic units at one particular level of complexity. 
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4.4 Probabilistic processes in biological morphogenesis 


There are many examples of physical processes whose spatial 
outcomes are probabilistic. In general, changes involving the break- 
ing of a symmetry or homogeneity are indeterminate; examples 
occur in the phase transitions between the gaseous and liquid 
states, and the liquid and solid states. If, for instance, a spherical 
balloon filled with vapour is cooled below saturation point in the 
absence of external gradients of temperature and gravity, the liquid 
will start by condensing on the walls, but the final distribution of 
the liquid will be unpredictable, and almost never spherically 
symmetrical.’ Thermodynamically, the relative amounts of liquid 
and vapour can be foreseen, but their spatial distribution cannot. 
In the crystallization of a substance under uniform conditions, the 
spatial distribution and the numbers and sizes of the crystals 
cannot be predicted; in other words, if the same process were to 
be repeated under identical conditions, each time the spatial 
outcome would differ in detail. 

The forms of crystals themselves, although they exhibit a definite 
symmetry, may be indeterminate; a familiar example is provided by 
snow-flakes, which come in a myriad of different shapes.* 

In the ‘dissipative structures’ of macroscopic physical and chemi- 
cal systems far from thermodynamic equilibrium, random fluctu- 
ations can give rise to spatial patterns, for example convection cells 
in a heated liquid, or coloured bands in solutions in which the 
Zhabotinski reaction is proceeding. The mathematical descriptions 
of such cases of ‘order through fluctuations’ by the methods of 
non-equilibrium thermodynamics show striking analogies to phase 
transitions.’ 

These examples of spatial indeterminism are drawn from quite 
simple physical and chemical processes. In living cells, the physico- 
chemical systems are far more complex than any encountered in 
the inorganic realm, and include many potentially indeterminate 
phase transitions and non-equilibrium thermodynamical processes. 
In the protoplasm there are crystalline, liquid and lipid phases in 
dynamic inter-relation; then there are numerous types of macro- 
molecule which can come together into crystalline or quasi- 
crystalline aggregates; lipid membranes, which as ‘liquid crystals’ 
hover on the borderline between the liquid and solid states, as do 
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the colloidal sols and gels; electrical potentials across membranes 
which fluctuate unpredictably; and ‘compartments’, containing 
different concentrations of inorganic ions and other substances, 
separated by membranes across which these substances move 
probabilistically.'° With such complexity, the number of energeti- 
cally possible patterns of change must be enormous, and there is 
thus a vast scope for the operation of morphogenetic fields through 
the imposition of patterns on these probabilistic processes. 

This is not to say that al! form in living organisms is determined 
_ by formative causation. Some patterns may come about through 
random processes. Others may be fully explicable in terms of 
minimum-energy configurations: for instance, the spherical shape 
of free-floating egg cells (e.g. those of sea-urchins) may be fully 
explicable in terms of the surface tension of the cell membrane. 
However, the very limited success of simple physical explanations 
of biological forms!! suggests that most aspects of biological 
morphogenesis are determined by morphogenetic fields. It should 
be re-emphasized that these fields do not act alone, but together 
with the energetic and chemical causes studied by biophysicists 
and biochemists. 

One example of the way morphogenetic fields could operate 
within cells is provided by the positioning of microtubules, tiny 
rod-like structures formed by the spontaneous aggregation of 
protein sub-units. Microtubules play an important role as micro- 
scopic ‘scaffolds’ within both animal and plant cells: they guide 
and orientate processes such as cell division (the spindle fibres in 
mitosis and meiosis are made up of microtubules), and the pat- 
terned deposition of cell wall material in differentiating plant cells; 
they also serve as intra-cellular ‘skeletons’, maintaining particular 
cellular shapes, as in radiolarians.’” Now if the spatial distribution 
of microtubules is responsible for the patterning of many different 
sorts of process and structure within cells, then what controls 
the spatial distribution of the microtubules? If other patterns of 
organization are responsible,'’ the problem is simply pushed back 
one stage: what controls these patterns of organization themselves? 
But the problem cannot be pushed back indefinitely, because 
development is epigenetic, that is to say it involves an increase in 
spatial diversity and organization which cannot be accounted for in 
terms of preceding patterns or structures; sooner or later something 


90 Morphogenetic Fields 


else has to account for the emergence of the pattern in which the 
microtubules aggregate. 

On the present hypothesis, this pattern is due to the action of 
specific morphogenetic fields. These fields greatly increase the 
probability of aggregation of microtubules in appropriate dispo- 
sitions either directly, or indirectly through the establishment of a 
preceding pattern of organization. Obviously, the patterning activity 
of the fields depends on the presence of a supersaturated solution 
of microtubule sub-units within the cell, and on appropriate 
physico-chemical conditions for their aggregation: these are necess- 
ary conditions for the formation of microtubules, but they are not 
in themselves sufficient to account for the pattern in which the 
microtubules appear. 

The objection might be raised that the suggested action of 
formative causation in patterning probabilistic processes within 
cells is impossible because it would lead to a local violation of the 
second law of thermodynamics. But this objection is not valid. The 
second law of thermodynamics refers only to assemblies of very 
large numbers of particles, and not to processes on a microscopic 
scale. Moreover it applies only to closed systems: a region of a cell 
is not a closed system, nor of course are living organisms in 
general. 

In living organisms, as in the chemical realm, the morphogenetic 
fields are hierarchically organized: those of organelles — for example 
the cell nucleus, the mitochondria and chloroplasts — act by 
ordering physico-chemical processes within them; these fields are 
subject to the higher-level fields of cells; the fields of cells to those 
of tissues; those of tissues to those of organs; and of organs to the 
morphogenetic field of the organism as a whole. At each level the 
fields work by ordering processes which would otherwise be 
indeterminate. For example, at the cellular level the morphogenetic 
field orders the crystallization of microtubules and other processes 
which are necessary for the co-ordination of cell division. But the 
planes in which the cells divide may be indeterminate in the 
absence of a higher-level field: for instance, in plant wound- 
calluses the cells proliferate more or less randomly to produce a 
chaotic mass.'* Within an organized tissue, on the other hand, 
one of the functions of the tissue’s morphogenetic field may be to 
impose a pattern on the planes of cell division, and thus control 
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the way in which the tissue as a whole grows. Then the development 
of tissues may itself be inherently indeterminate in many respects, 
as revealed when they are artificially isolated and grown in tissue 
culture;!5 under normal conditions this indeterminacy is restricted 
by the higher-level field of the organ. Indeed at each level in 
biological systems, as in chemical systems, the morphic units in 
isolation behave more indeterminately than they do when they are 
part of a higher-level morphic unit. The higher-level morphogen- 
etic field restricts and patterns their intrinsic indeterminism. 


4.5 Morphogenetic germs in biological systems 


At the cellular level, the germs for morphogenetic transformations 
must be lower-level morphic units within the cells which are 
present both at the beginning and at the end of the process of 
cellular differentiation. The possible morphogenetic germs of 
these transformations are not immediately obvious: they could be 
organelles, macromolecular aggregates, cytoplasmic or membra- 
nous structures, or the cell nuclei. In many cases nuclei might well 
play this role. But since so many different types of differentiated 
cell can be produced in the same organism, if the nuclei are to act 
as morphogenetic germs they must be capable of taking on 
different patterns of organization in the different cell types: the 
differentiation of a cell must be preceded by a differentiation of its 
nucleus, owing to changes in its membrane, or in the arrangement 
of its chromosomes, or in the associations between proteins and 
nucleic acids within the chromosomes, or in the nucleoli, or in 
other components. Such changes could be brought about directly 
or indirectly through the action of the higher-level morphogenetic 
field of the differentiating tissue. There is indeed considerable 
evidence that many types of cellular differentiation are preceded by 
nuclear changes. The suggestion advanced here diverges from the 
usual interpretation of these changes in regarding their significance 
as not simply chemical, owing to the production of special types of 
messenger RNA, but, in addition, as morphogenetic: the modified 
nuclei might serve as germs with which the specific morphogenetic 
fields of differentiated cells become associated.'® 

There is at least one process of cellular morphogenesis in which 
the nucleus cannot be the morphogenetic germ: in nuclear division. 
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It loses its identity as a separate structure when the nuclear 
membrane breaks down and disappears.” The doubled, highly 
coiled chromosomes become aligned in the equatorial region of 
the mitotic spindle and a complete set then moves to each spindle 
pole. Then new nuclear membranes develop around each set of 
chromosomes to form the daughter nuclei. The morphogenetic 
germs for these processes must be extra-nuclear structures or 
organelles, and there must be two of them.!® 

The development of tissues and organs usually involves both 
transformative and aggregative changes. In these morphogeneses, 
the morphogenetic germs must be cells or groups of cells which 
are present both as part of the final form and also at the beginning 
of the morphogenetic process; they cannot be those specialized 
cells which appear only after the process had begun. Thus the 
morphogenetic germs seem likely to be relatively unspecialized 
cells which undergo little change. In higher plants such cells are 
present, for example, in the apical zones of the meristems or 
growing points.!? In shoots, the flowering stimulus transforms the 
meristems in such a way that they give rise to flowers rather than 
leaves and other vegetative structures; the apical zones, suitably 
modified by the flowering stimulus, could be the morphogenetic 
germs for this transformation. In animal embryos, many ‘organizing 
centres’ which play a key role in the development of tissues and 
organs have already been identified by experimental embryologists; 
one example is the apical ectodermal ridge at the tip of developing 
limb buds.” These ‘organizing centres’ may well be the germs 
with which the major morphogenetic fields become associated. 

Although both in the chemical and biological realms morphogen- 
etic terms can be suggested, if not actually identified, much remains 
obscure, especially the reason for the particular form of each 
morphogenetic field and for the way in which it becomes associated 
with its germ. The consideration of these problems in the following 
chapter leads to a more complete hypothesis of formative causation 
which, although surprising and unfamiliar, is perhaps less difficult 
to understand. 
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1 The identification of morphogenetic fields with electromagnetic 
fields is responsible for much of the confusion inherent in 
H.S. Burr’s theory of electrodynamic ‘Life Fields’. Burr (1972) 
cites indisputable evidence that living organisms are associated 
with electromagnetic fields, which change as the organisms 
change, but then goes on to argue that these fields control 
morphogenesis by acting as ‘blueprints’ for development, which 
is a very different matter. 

2 For a review of the literature on conformational changes in 
proteins in solution, see Williams (1979). 

3 Anfinsen (1973), p.228. 

4 For a general discussion of probabilistic causality, see Suppes 
(1970). 

5 Cf. Sir Karl Popper’s concept of probability or propensity fields 
(Popper, 1967; Popper and Eccles, 1977). 

6 This suggestion might fit in with the approach to quantum 
physics advocated by Bohm (1969, 1980) and Hiley (1980). 

7 This and other instances of what R. Thom calls ‘generalized 
catastrophes’ are discussed in Chapter 6 of his Structural 
Stability and Morphogenesis. 

8 Bentley and Humphreys (1962). 

9 See Nicolis and Prigogine (1977). A different but related 
approach to these problems is outlined by Haken (1977). 

10 Stevens (1977). 

11 Sir D’Arcy Thompson in his classic essay On Growth and Form 
(1942) suggested that many aspects of biological morphogenesis 
could be explained in terms of physical forces: for example, the 
plane of cell division in terms of surface tension, which would 
tend to give a minimum surface area. But there are so many 
exceptions that these simple interpretations have met with very 
little success. For a discussion of Thompson’s theories see 
Medawar (1968). 

12 For recent accounts of the properties and functions of micro- 
tubules see Dustin (1978) and Roberts and Hyams (eds) (1979). 

13 One suggestion is that the smooth endoplasmic reticulum plays 
a role in the transport of microtubule sub-units to the regions 
in which they aggregate (Burgess and Northcote, 1968). The 
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existence of ‘nucleating elements’ which may or may not be 
bound together in ‘microtubule organizing centres’ has also 
been suggested (J.B. Tucker, in Roberts and Hyams (eds), 
1979). 

14 Street and Henshaw (1965). 

15 For examples, see Willmer (1970). 

16 In some instances the nuclei are destroyed in the final stages of 
differentiation (e.g. xylem vessels in plants, red blood cells in 
mammals). In these cases the nuclei could act as morphogenetic 
germs for the differentiation process up to the point at which 
they were still intact; then the final stages of differentiation 
could proceed purely mechanistically by straightforward chemi- 
cal processes not subject to morphogenetic ordering, through 
the release of hydrolytic enzymes. 

17 In some algae, e.g. Ocdogonium, the nuclear membrane remains 
intact during mitosis; this is probably an evolutionary primitive 
feature (Pickett-Heaps, 1975). 

18 In animals the centrioles may appear to be likely candidates for 
this role, but higher plants have no centrioles. In both cases 
‘microtubule organizing centres’ may well be responsible for 
the development of the spindle poles; the centrioles may merely 
be ‘passengers’ assured of equal partitioning into daughter cells 
by association with these centres (Pickett-Heaps, 1969). (The 
centrioles serve as organizing centres, or morphogenetic germs, 
for the development of cilia and flagella.) 

19 Clowes (1961). 

20 Wolpert (1978). 


5 
The Influence of Past Forms 


5.1 The constancy and repetition of forms 


Time after time when atoms come into existence electrons fill the 
same orbitals around the nuclei; atoms repeatedly combine to give 
the same molecular forms; again and again molecules crystallize 
into the same spatial patterns; seeds of a given species give rise 
year after year to plants of the same appearance; generation after 
generation, spiders spin the same types of web. Forms come into 
being repeatedly, and each time each form is more or less the 
same. On this fact depends our ability to recognize, identify and 
name things. 

This constancy and repetition would present no problem if all 
forms were uniquely determined by changeless physical laws or 
principles. This assumption is implicit in the conventional theory 
of the causation of form. These fundamental physical principles 
are taken to be temporally prior to the actual forms of things: 
theoretically, the way in which a newly synthesized chemical will 
crystallize should be calculable before its crystals appear for the 
first time; likewise, the effects of a given mutation in the DNA of 
an animal or plant on the form of the organism should be 
predictable in advance. Of course in practice such calculations 
have never been made; this comfortable assumption is untested, 
and most probably untestable. 

By contrast, according to the hypothesis of formative causation, 
the forms of complex chemical and biological systems are not 
uniquely determined by the known laws of physics. These laws 
permit a range of possibilities between which formative causes 
select. The constancy and repetition of forms is explained by the 
repeated association of the same type of morphogenetic field with 
a given type of physico-chemical system. But then what determines 
the particular form of the morphogenetic field? 

One possible answer is that morphogenetic fields are eternal. 
They are simply given, and are not explicable in terms of anything 
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else. Thus even before this planet appeared, there already existed 
in a latent state the morphogenetic fields of all the chemicals, 
crystals, animals and plants that have ever occurred on the earth, 
or that will ever come into being in the future. 

This answer is essentially Platonic, or even Aristotelian in so far 
as Aristotle believed in the eternal fixity of specific forms. It differs 
from the conventional physical theory in that these forms would 
not be predictable in terms of energetic causation; but it agrees 
with it in taking for granted that behind all empirical phenomena 
lie pre-existing principles of order. 

The other possible answer is radically different. Chemical and 
biological forms are repeated not because they are determined by 
changeless laws or eternal Forms, but because of a causal influence 
from previous similar forms. This influence would require an action 
across space and time unlike any known type of physical action. 

On this view, the unique form taken up by a system would 
not be physically determined in advance of its first appearance. 
Nevertheless it would be repeated because the form of the first 
system would itself determine the form taken up by subsequent 
similar systems. Imagine, for instance, that out of several different 
possible forms, P, Q, R, S ..., all of which are equally probable 
from an energetic point of view, a system happens to take up form 
R on the first occasion. Then on subsequent occasions similar 
systems will also take up form R because of a trans-spatial and 
trans-temporal influence from the first such system. 

In this case, what determines the form on the first occasion? No 
scientific answer can be given: the question concerns unique and 
energetically indeterminate events which, ex hypothesi, once they 
have happened are unrepeatable because they themselves influence 
all subsequent similar events. Science can deal only with regular- 
ities, with things that are repeatable. The initial choice of a 
particular form could be ascribed to chance; or to a creativity 
inherent in matter; or to a transcendent creative agency. But 
there is no way in which these different possibilities could be 
distinguished from each other by experiment. A decision between 
them could be made only on metaphysical grounds. This question 
is discussed briefly in the final chapter of this book; but for present 
purposes it does not matter which of these possibilities is preferred. 
The hypothesis of formative causation is concerned only with the 
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repetition of forms, and not with the reasons for their appearance in 
the first place. 

This new way of thinking is unfamiliar, and it leads into 
uncharted territory. But only by exploring it does there seem to be 
any hope of arriving at a new scientific understanding of form and 
organization in general, and of living organisms in particular. The 
alternative to going on would be to return to the starting point; the 
choice would once again be narrowed to that between a simple 
mechanistic faith and a metaphysical organicism. 

In the following discussion, it is proposed that this hypothetical 
trans-spatial and trans-temporal influence passes through morpho- 
genetic fields and is an essential feature of formative causation. 


5.2 The general possibility of trans-temporal causal connections 


Although the hypothesis of formative causation proposes a new 
kind of trans-temporal, or diachronic, causal connection which has 
not so far been recognized by science, the possibility of ‘action at a 
distance’ in time has already been considered in general terms by 
several philosophers. There seems to be no a priori reason for 
excluding it. J.L. Mackie, for example, wrote as follows: 


‘While we are happiest about contiguous cause-effect relations, and find 
“action at a distance” over either a spatial or temporal gap puzzling, we do 
not rule it out. Our ordinary concept of causation does not absolutely 
require contiguity; it is not part of our idea of causation in a way that 
would make “C caused E over a spatial, or temporal, or both spatial and 
temporal, gap, without intermediate links” a contradiction in terms.” 


Moreover, from the point of view of the philosophy of science, 
there is nothing to prevent the consideration of new kinds of 
causal connection: 


‘Scientific theory in general does not presuppose any particular mode of 
causal connection between events, but only that it is possible to find laws 
and hypotheses, expressed in terms of some model, which satisfy the 
criteria of intelligibility, confirmation, and faisifiability. The mode of causal 
connection in each case is shown by the model, and changes with 
fundamental changes of model.’ (M.B. Hesse.”) 


However, although the new kind of causal connection proposed 
in the hypothesis of formative causation seems to be possible in 


e 
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principle, the plausibility of this hypothesis can be assessed only 
after predictions deduced from it have been tested empirically. 


5.3 Morphic resonance 


The idea of a process whereby the forms of previous systems 
influence the morphogenesis of subsequent similar systems is 
difficult to express in terms of existing concepts. The only way to 
proceed is by means of analogy. 

The physical analogy which seems most appropriate is that of 
resonance. Energetic resonance occurs when a system is acted on by 
an alternating force which coincides with its natural frequency of 
vibration. Examples include the ‘sympathetic’ vibration of stretched 
strings in response to appropriate sound waves; the tuning of radio 
sets to the frequency of radio waves given out by transmitters; the 
absorption of light waves of particular frequencies by atoms and 
molecules, resulting in their characteristic absorption spectra; and 
the response of electrons and atomic nuclei in the presence of 
magnetic fields to electromagnetic radiation in Electronic Spin 
Resonance and Nuclear Magnetic Resonance. Common to all 
these types of resonance is the principle of selectivity: out of a- 
mixture of vibrations, however complicated, the systems respond 
only to those of particular frequencies. 

A ‘resonant’ effect of form upon form across space and time 
would resemble energetic resonance in its selectivity, but it could 
not be accounted for in terms of the known types of resonance, 
nor would it involve a transmission of energy. In order to distinguish 
it from energetic resonance, this process will be called morphic 
resonance. 

Morphic resonance is analogous to energetic resonance in a 
further respect: it takes place between vibrating systems. Atoms, 
molecules, crystals, organelles, cells, tissues, organs and organisms 
are all made up of parts in ceaseless oscillation, and all have their 
own characteristic patterns of vibration and internal rhythm; the 
morphic units are dynamic, not static. But whereas energetic 
resonance depends only on the specificity of response to particular 
frequencies, to ‘one-dimensional’ stimuli, morphic resonance 
depends on three-dimensional patterns of vibration. What is being 
suggested here is that by morphic resonance the form of a 
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system, including its characteristic internal structure and vibrational 
frequencies, becomes present to a subsequent system with a similar 
form; the spatio-temporal pattern of the former superimposes itself 
on the latter. 

Morphic resonance takes place through morphogenetic fields 
and indeed gives rise to their characteristic structures. Not only 
does a specific morphogenetic field influence the form of a system 
(as discussed in the previous chapter), but also the form of this 
system influences the morphogenetic field and through it becomes 
present to subsequent similar systems. 


5.4 The influence of the past 


Morphic resonance is non-energetic, and morphogenetic fields 
themselves are neither a type of mass nor energy. Therefore there 
seems to be no a priori reason why it should obey the laws that 
have been found to apply to the movement of bodies, particles and 
waves. In particular, it need not necessarily be attenuated by either 
spatial or temporal separation between similar systems; it could be 
just as effective over ten thousand miles as over a yard, and over a 
century as an hour. 

The assumption that morphic resonance is indeed unattenuated 
by time and space will be adopted as a provisional working 
hypothesis, on the ground of simplicity. 

It will also be assumed on the ground of simplicity that morphic 
resonance takes place only from the past; that only morphic units 
which have already actually existed are able to exert a morphic 
influence in the present. The notion that future systems, which do 
not yet exist, might be able to exert a causal influence ‘backwards’ 
in time may perhaps be logically conceivable;> but only if there 
were persuasive empirical evidence for a physical influence from 
future morphic units would it become necessary to take this 
possibility seriously.° 

However, assuming that morphic resonance occurs only from 
past morphic units, and that it is not attenuated by the lapse of 
time or by distance, how might it take place? The process can be 
visualized with the help of several different metaphors. The 
morphic influence of a past system might become present to a 
subsequent similar system by passing ‘beyond’ space-time and then 
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‘re-entering’ wherever and whenever a similar pattern of vibration 
appeared. Or it might be connected through other ‘dimensions’. 
Or it might go through a space-time ‘tunnel’ to emerge unchanged 
in the presence of a subsequent similar system. Or the morphic 
influence of past systems might simply be present everywhere. 
However, these different ways of thinking about morphic resonance 
would probably not be distinguishable from each other experimen- 
tally. All would have the same consequence: the forms of past 
systems would automatically become present to subsequent similar 
systems. 

An immediate implication of this hypothesis is that a given 
system could be influenced by all past systems with a similar form 
and pattern of vibration. Ex hypothesi the influence of these 
past systems is not attenuated by temporal or spatial separation. 
Nevertheless, the ability of past systems to influence subsequent 
systems could be weakened or exhausted by action; they could 
have only a limited potential influence which is expended in 
morphic resonance. This possibility is discussed in Section 5.5 
below. But first consider the possibility that their potential action is 
not reduced in this way, with the consequence that the forms of all 
past systems influence all subsequent similar systems (Fig. 12). 
This postulate has several important consequences: 


(i) The first system with a given form influences the second such 
system, then both the first and the second influence the third, and 
so on cumulatively. In this process the direct influence of a given 
system on any subsequent system is progressively diluted as time 
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Figure 12 Diagram illustrating the cumulative influence of past systems 
on subsequent similar systems by morphic resonance. 
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Figure 13 Photographic portraits of three sisters in full face and profile 
with the corresponding composites. These pictures are by Francis Galton, 
who invented the technique of composite photography over a century ago. 
(From Pearson, 1924. Reproduced by courtesy of the Cambridge 
University Press.) 
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goes on; although its absolute effect does not diminish, its relative 
effect declines as the total number of similar past systems increases 


(Fig. 12). 


(ii) The forms of even the simplest chemical morphic units are 
variable: sub-atomic particles are in ceaseless vibratory motion, 
and atoms and molecules are subject to deformation by mechanical 


Figure 14 Above: Composite photographs of officers and men of the 
Royal Engineers, by Francis Galton. (From Pearson, 1924. Reproduced 
by courtesy of the Cambridge University Press.) 

Below: Composite photographs of 30 female and 45 male members of the 
staff of the John Innes Institute, Norwich. (Reproduced by courtesy of the 
John Innes Institute.) 
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collision and by electrical and magnetic fields. Biological morphic 
units are still more variable; even if cells and organisms have the 
same genetic constitution and develop under the same conditions 
they are unlikely to be identical in every respect. 

By morphic resonance, the forms of all similar past systems 
become present to a subsequent system of similar form. Even 
assuming that differences in absolute size are adjusted for (see 
Section 6.3 below), many of these forms will differ from each 
other in detail. Hence they will not coincide with each other | 
exactly when they are superimposed by morphic resonance. The 
result will be a process of automatic averaging whereby those 
features which most past systems have in common will be 
reinforced. However, this ‘average’ form will not be sharply defined 
within the morphogenetic field, but surrounded by a ‘blur’ owing 
to the effect of less common variants. 

This process can be visualized more easily by analogy with 
‘composite photographs’ made by superimposing the photographic 
images of different individuals. As a result of this superimposition 
the common features are reinforced; but because of the differences 
between the individual images, the ‘average’ photographs are not 
sharply defined (Figs 13 and 14). 


(ii) The automatic averaging of past forms will result in a spatial 
probability distribution within the morphogenetic field, or in other 
words a probability structure (cf. Section 4.3). 

The probability structure of a morphogenetic field determines 
the probable state of a given system under its influence in accord- 
ance with the actual states of all similar systems in the past; the 
most probable form the system will take up is that which has 
occurred most frequently already. 


(iv) In the early stages of a form’s history, the morphogenetic 
field will be relatively ill-defined and significantly influenced by 
individual variants. But as time goes on, the cumulative influence 
of countless previous systems will confer an ever-increasing stability 
on the field; the more probable the average type becomes, the 
more likely that it will be repeated in the future. 

To put it in a different way: at first the basin of attraction of the 
morphogenetic field will be relatively shallow, but it will become 
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progressively deeper as the number of systems contributing to 
morphic resonance increases. Or to use yet another metaphor, 
through repetition the form will get into a rut and the more often it 
is repeated, the deeper will this rut become. 


(v) The amount of influence a given system has on subsequent 
similar systems seems likely to depend on the length of time it 
survives: one that continues to exist for a year may have more 
effect than one that disintegrates after a second. Thus the automatic 
averaging may be ‘weighted’ in favour of long-lasting previous 
forms. 


(vi) At the beginning of a morphogenetic process, the morphogen- 
etic germ comes into morphic resonance with similar past systems 
which are part of higher-level morphic units: it thus becomes 
associated with the morphogenetic field of the higher-level morphic 
unit (Section 4.1). Let the morphogenetic germ be represented by 
morphic unit F and the final form towards which the system is 
attracted by D-E-F-G-H. Let the intermediate stages in the 
morphogenesis be as shown in Fig. 15. Now not only will the 


Morphogenetic germ 
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Figure 15 Diagram representing stages in the aggregative morphogenesis 
of the morphic unit D-E-F-G-H from the morphogenetic germ F. 
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morphogenetic germ and the intermediate stages enter into mor- 
phic resonance with the final form of previous similar systems, but 
the intermediate stages will also enter into morphic resonance with 
similar intermediate stages E-F, D-E-F, etc. in previous similar 
morphogeneses. Thus these stages will be stabilized by morphic 
resonance, resulting in a chreode. The more frequently this 
particular pathway of morphogenesis is followed, the more will this 
chreode be reinforced. In terms of the ‘epigenetic landscape’ 
model (Fig. 5), the valley of the chreode will be deepened the 
more often development passes along it. 


5.5 Implications of an attenuated morphic resonance 


The discussion in the preceding Section was based on the assump- 
tion that the morphic influence of a given system is not exhausted 
in its action on subsequent similar systems, although its relative 
effect is diluted as the number of similar systems increases. The 
alternative possibility that this influence is somehow exhausted will 
now be considered. 

If such an exhaustion takes place, only if the rate of exhaustion 
were very fast would it be detectable. Consider first the extreme 
case in which the influence of a system is expended by morphic 
resonance with only one subsequent system. If the number of 
similar systems increases with time, then most of them will not be 
influenced by morphic resonance from previous similar systems 
(Fig. 16 A). They will consequently be free to take up different 
forms by ‘chance’ or ‘creativity’; the forms of these systems may 
therefore be very variable. 

Next consider the case in which each system can influence two 
subsequent systems. In the situation represented in Fig. 16 B most 
but not all of the subsequent forms would be stabilized by morphic 
resonance. If each system influenced three subsequent systems, all 
would be stabilized; an instability of form would appear only if the 
number of subsequent similar systems increased more rapidly still, 
as in a population explosion. And if each system influenced many 
subsequent systems, this low but finite rate of exhaustion of 
morphic influence would be practically undetectable. 

For the sake of simplicity, it will be assumed that the morphic 
influence of systems on subsequent similar systems is not exhausted 
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Figure 16 Diagram illustrating situations in which the influence of 
previous systems is exhausted by morphic resonance with only one 
subsequent system (A) and two subsequent systems (B). 


at all; but it should be borne in mind that this assumption is 
provisional. The question could eventually be investigated empiri- 
cally, at least to the extent of distinguishing between a rapid rate of 
exhaustion of morphic influence on the one hand, and a slow or 
zero rate on the other. 


5.6 A possible experimental test 


According to the conventional theory, the unique forms of chemical 
and biological systems should be predictable in terms of the 
principles of quantum mechanics, electromagnetism, energetic 
causation, etc. before they come into being for the first time. By 
contrast, according to the hypothesis of formative causation, unique 
forms will not be predictable in advance, but only a range of 
possible forms. Thus, in principle, the failure of the conventional 
theory to give rise to unique predictions would provide evidence 
against it and in favour of the hypothesis of formative causation. But 
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in practice this failure could never be conclusive: only approximate 
calculations are feasible, and therefore defenders of this theory will 
always be able to argue that unique predictions might be possible if 
more refined calculations were carried out in the future. 

Fortunately, the hypothesis of formative causation differs from 
the conventional theory in a second important respect. According 
to the latter, the causes which give rise to a form on the first 
occasion, or on the hundredth, or the billionth should operate in 
exactly the same way, since they are assumed to be changeless. 
The same expectation follows from theories which seek to account 
for empirically observable forms in terms of eternal archetypal 
Forms or transcendent mathematical truths. But according to the 
hypothesis of formative causation, the form of a system depends on 
the cumulative morphic influence of previous similar systems. Thus 
this influence will be stronger on the billionth occasion than on the 
thousandth or the tenth. If this cumulative aspect of formative 
causation could be demonstrated empirically, the hypothesis could 
be distinguished both from the conventional theory and from 
theories of the Platonic and Pythagorean types. 

In the case of morphic units which have existed for a very long 
time — thousands of millions of years in the case of the hydrogen 
atom — the morphogenetic field will be so well established as to be 
effectively changeless. Even the morphogenetic fields of morphic 
units which originated as recently as a few centuries or decades 
ago may be subject to the influence of so many past systems that 
any increments in this influence will be too small to be detectable. 
But with brand-new forms, it may well be possible to detect the 
cumulative morphic influence experimentally. 

Consider a newly synthesized organic chemical which has never 
existed before. According to the hypothesis of formative causation, 
its crystalline form will not be predictable in advance, and no 7 
morphogenetic field for this form will yet exist. But after it has 
been crystallized for the first time, the form of its crystals will 
influence subsequent crystallizations by morphic resonance, and 
the oftener it is crystallized, the stronger should this influence 
become. Thus on the first occasion, the substance may not 
crystallize at all readily; but on subsequent occasions crystallization 
should occur more and more easily as increasing numbers of past 
crystals contribute to its morphogenetic field by morphic resonance. 
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In fact, chemists who have synthesized entirely new chemicals 
often have great difficulty in getting these substances to crystallize 
for the first time. But as time goes on, these substances tend to 
crystallize with greater and greater ease. 

This principle is illustrated in the following account, taken 
from a textbook on crystals, of the spontaneous and unexpected 
appearance of a new type of crystal: 


‘About ten years ago a company was operating a factory which grew large 
single crystals of ethylene diamine tartrate from solution in water. From 
this plant it shipped the crystals many miles to another which cut and 
polished them for industrial use. A year after the factory opened, the 
crystals in the growing tanks began to grow badly; crystals of something 
else adhered to them — something which grew even more rapidly. The 
affliction soon spread to the other factory: the cut and polished crystals 
acquired the malady on their surfaces . . . 

The wanted material was anhydrous ethylene diamine tartrate, and the 
unwanted material turned out to be the monohydrate of that substance. 
During three years of research and development, and another year of 
manufacture, no seed of the monohydrate had formed. After that they 
seemed to be everywhere.’ (A. Holden and P. Singer.”) 


These authors suggest that on other planets, types of crystal 
which are common on earth may not yet have appeared, and add: 
‘Perhaps in our own world many other possible solid species are 
still unknown, not because their ingredients are lacking, but simply 
because suitable seeds have not yet put in an appearance.” 

The conventional explanation of the fact that substances usually 
crystallize more easily after they have been crystallized for the first 
time, and of the fact that the ease of crystallization generally 
increases the more often they are crystallized, is that fragments of 
previous crystals ‘infect’ subsequent solutions. When there is no 
obvious means by which these seeds could have moved from place 
to place, they are assumed to have travelled through the atmosphere 
as microscopic dust particles. 

There can be no doubt that the ‘infection’ of a supersaturated 
solution with appropriate crystal seeds greatly facilitates crystalliz- 
ation. But according to the hypothesis of formative causation, the 
crystallization of a substance should also be facilitated by the mere 
fact that it has crystallized before. So when substances are found 
to crystallize more readily the oftener they are crystallized, an 
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increasing number of invisible seeds in the atmosphere may not 
be the only explanation. This question could be investigated 
experimentally under conditions in which dust particles were 
_ removed by filtering the air and all other potential contamination 
was eliminated. The period of time taken by a newly synthesized 
substance to crystallize from a supersaturated solution could be 
measured under rigorously standardized conditions in the absence 
of seeds both before and after this substance had been crystallized 
repeatedly elsewhere. A decrease in this period would provide 
evidence in favour of the hypothesis of formative causation. 

In more complicated experiments, it might be possible to demon- 
strate not only that the morphogenetic field of a particular crystal 
species was subject to the cumulative influence of past crystals, but 
also that the structure of this field was not determined before the 
first crystal of this type appeared. For instance, consider the 
following procedure. 

A solution of a newly synthesized chemical is divided into several 
batches, say P, Q and R, each of which is taken to a different 
laboratory located hundreds of miles away from the other labora- 
tories as an additional precaution to avoid cross-contamination by 
seeds. Now each batch is deliberately seeded with a different 
type of crystal in an attempt to encourage different patterns of 
crystallization of the new chemical, whose crystal form is as yet 
undetermined ex hypothesi. These crystallizations take place as far 
as possible simultaneously. Assume that P, Q and R each gives a 
different type of crystal. Samples of these crystals are analysed and 
their structures determined by X-ray crystallography. Now one is 
selected at random, say R, and large batches of the chemical are 
repeatedly crystallized using seeds of R-type crystals. According to 
the hypothesis of formative causation, these large numbers of R- 
type crystals should have a stronger morphic influence on all 
subsequent crystallizations than the small initial samples of P- and 
Q-type crystals, and hence there should be a higher probability of 
obtaining R-type than P- or Q-type crystals. 

An attempt is now made to repeat the P- and Q-type crystalliza- 
tions with the same sorts of seeds that were used initially. Crystalliz- 
ation is also carried out in the absence of any seeds whatsoever. If 
in all these cases, R-type crystals are obtained, the result would 
strongly support the hypothesis of formative causation. And if this 
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type of experiment could be repeated with many different newly 
synthesized substances, a really convincing weight of evidence 
could be built up. 

However, if only a single type of crystal were obtained initially in 
P, Q and R the result would be inconclusive. On the one hand, if 
crystallization began slightly sooner in one of these solutions than 
in the others, the influence of these crystals by morphic resonance 
might be strong enough to cause the same type of crystallization to 
occur in the other solutions. On the other hand, this result would 
also agree with the conventional assumption that a single crystal- 
form would be obtained because it was a unique minimum-energy 
structure. Nevertheless, even with a single type of crystal, it should 
still be possible to detect a decrease in the time taken by the 
substance to crystallize under standard conditions as increasing 
numbers of past crystals of this type contribute to the morphogen- 
etic field by morphic resonance. 

Experiments with crystals are only one of the ways in which the 
hypothesis of formative causation could be tested. Examples of 
possible experiments with biological systems are discussed in 
Sections 7.4, 7.6, 11.2, and 11.4. 


Notes 


1 Mackie (1974), p.19. 

2 Hesse (1961), p.285. 

3 Many examples of oscillations within biological systems have 
been described. See, for example, the review of oscillations at 
the cellular level by Rapp (1979). 

4 The vibration of a system brought about by a ‘one-dimensional’ 

energetic stimulus can in fact give rise to definite forms and 

patterns: simple examples are the ‘Chladni figures’ produced 
by sand or other small particles on a vibrating diaphragm. 

Illustrations of numerous two- and three-dimensional patterns 

on vibrating surfaces can be found in Jenny (1967). But this is 

not comparable to the type of morphogenesis brought about 
through morphic resonance. 

For discussions of the possibility of causal influences from 

future events, see Hesse (1961) and Mackie (1974). 

6 Evidence for precognition would be relevant to this argument 


un 
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only if mental states were assumed, on metaphysical grounds, 
to be an aspect of physical states of the body, or to run parallel 
to them, or to be epiphenomena of them. However, from the 
point of view of Interactionism, an influence from future mental 
states would not necessarily require a physical influence to 
pass ‘backwards’ in time. These metaphysical alternatives are 
discussed further in Chapter 12. 

7 Holden and Singer (1961), pp.80-81. 

8 ibid., p.81. 


6 


Formative Causation and Morphogenesis 


6.1 Sequential morphogeneses 


After sub-atomic particles have aggregated into atoms, the atoms 
may combine together into molecules, and the molecules into 
crystals. The crystals then retain their form indefinitely as long as 
the temperature remains below their melting point. By contrast, in 
living organisms morphogenetic processes continue indefinitely in 
the endlessly repeated cycles of growth and reproduction. 

The simplest living organisms consist of single cells, the growth 
of which is followed by division, and division by growth. Thus the 
morphogenetic germs for the chreodes of division must appear 
within the final forms of the fully grown cells; and the newly 
divided cells serve as the starting points for the chreodes of cellular 
growth and development. 

In multicellular organisms, these cycles continue in only some of 
the cells, for example in germ cell lines, ‘stem’ cells, and meris- 
tematic cells. Other cells, and indeed whole tissues and organs, 
develop into a variety of specialized structures which undergo little 
further morphogenetic change: they stop growing, although they 
may retain the ability to regenerate after damage; and sooner or 
later they die. In fact, they may be mortal precisely because they 
cease to grow.’ 

The development of multicellular organisms takes place through 
a series of stages controlled by a succession of morphogenetic 
fields. At first the embryonic tissues develop under the control of 
primary embryonic fields. Then sooner (in ‘mosaic’ development) 
or later (in ‘regulative’ development), different regions come under 
the influence of secondary fields, in animals those of limbs, eyes, 
ears, etc.; in plants of leaves, petals, stamens, etc. Generally 
speaking, the morphogenesis brought about by the primary fields is 
not spectacular, but it is of fundamental importance because it 
establishes the characteristic differences between cells in different 
regions which (according to the present hypothesis) enable them to 
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act as the morphogenetic germs of the organ fields. Then in the 
tissues developing under their influence, germs of subsidiary fields 
appear, fields which control the morphogenesis of structures within 
the organ as a whole: in a leaf, the lamina, stipules, petiole, etc.; in 
an eye, the cornea, iris, lens etc. And then still lower-level 
morphogenetic fields come into play: for example those for vascular 
differentiation within the lamina of a leaf and for the differentiation 
of stomata and hair cells on its surface. 

These fields can be, and have been, investigated experimentally 
by studying the ability of developing organisms to regulate after 
damage to different regions of the embryonic tissue, and after 
grafting tissue taken from one region into another. Both in animal 
embryos and in the meristematic zones of plants, as the develop- 
ment of the tissues proceeds the different regions behave with 
increasing autonomy; the system as a whole loses the ability to 
regulate, but local regulations occur within the developing organs 
as the primary embryonic fields are supplanted by more numerous 
secondary fields.’ 


6.2 The polarity of morphogenetic fields 


Most biological morphic units are polarized in at least one direction. 
Their morphogenetic fields, containing polarized virtual forms, will 
automatically take up appropriate orientations if their morphogen- 
etic germs are also intrinsically polarized; but if they are not, a 
polarity must first be imposed on them. For example, the spherical 
egg cells of the alga Fucus have no inherent polarity, and their 
development can begin only after they have been polarized by any 
one of a variety of directional stimuli including light, chemical 
gradients and electric currents; in the absence of any such stimuli, 
a polarity is taken up at random, presumably owing to chance 
fluctuations. 

Nearly all multicellular organisms are polarized in a shoot-root 
or head-tail direction, many also in a second direction (ventral- 
dorsal), and some in all three (head-tail, ventral-dorsal, and left- 
right). The latter are consequently asymmetrical and potentially 
capable of existing in forms which are mirror-images of each other; 
for example snails with spiral shells. And in organisms which are 
bilaterally symmetrical, asymmetrical structures which are borne 


114 Formative Causation and Morphogenesis 


on both sides necessarily occur in both right and left ‘handed’ 
forms, for example right and left hands. 

These mirror-image forms have the same morphology, and they 
presumably develop under the influence of the same morphogenetic 
field. The field simply takes on the handedness of the morphogen- 
etic germ with which it becomes associated. Thus both right and 
left handed previous systems influence both right and left handed 
subsequent systems by morphic resonance. 

This interpretation is supported by some well-known facts 
of biochemistry. The molecules of amino acids and sugars are 
asymmetric and are capable of existing in both left and right 
‘handed’ forms. Yet in living organisms, all the amino acids in 
proteins are left handed, while most of the sugars are right handed. 
' The perpetuation of these chemical asymmetries is made possible 
by the asymmetric structures of the enzymes which catalyse the 
synthesis of the molecules. In nature, most of the amino acids and 
sugars occur rarely, if at all, outside living organisms. Therefore 
these particular asymmetric forms should contribute overwhelm- 
ingly by morphic resonance to the morphogenetic fields of the 
molecules. But when they are synthesized artificially equal pro- 
portions of right and left handed forms are obtained, indicating 
that the morphogenetic fields have no intrinsic handedness. 


6.3 The size of morphogenetic fields 


The dimensions of particular atomic and molecular morphic units 
are more or less constant; so are those of crystal lattices, although 
they are repeated indefinitely to give crystals of different sizes. 
Biological morphic units are more variable: not only are there 
_ differences between cells, organs, and organisms of given types, 
but individual morphic units themselves change size as they grow. 
If morphic resonance is to take place from past systems with 
similar forms but different sizes, and if a particular morphogenetic 
field is to remain associated with a growing system, then forms 
must be capable of being ‘scaled up’ or ‘scaled down’ within the 
morphogenetic field. Thus their essential features must depend 
not on the absolute but on the relative positions of their component 
parts, and on their relative rates of vibration. A simple analogy is 
provided by the music produced by playing a gramophone record 
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at different speeds: it remains recognizable in spite of absolute 
alterations in all the pitches and rhythms because the relations of 
the notes and rhythms to each other remain the same. 

Although morphogenetic fields may be adjustable in absolute 
size, the range within which the size of a system can vary is limited 
by severe physical constraints. In three-dimensional systems, 
changes in surface area and volume vary respectively as the square 
and cubic powers of the linear dimensions. This simple fact 
means that biological systems cannot be magnified or diminished 
indefinitely without becoming unstable.’ 


6.4 The increasing specificity of morphic resonance during 
morphogenesis 


Energetic resonance is not an ‘all or none’ process: a system 
resonates in response to a range of frequencies which are more or 
less close to its natural frequency, although the maximum response 
occurs only when the frequency coincides with its own. Anal- 
ogously, morphic resonance may be more or less finely ‘tuned’, 
occurring with greatest specificity when the forms of past and 
present systems are most closely similar. 

When a morphogenetic germ comes into morphic resonance 
with the forms of countless previous higher-level systems, these 
forms do not coincide exactly but give rise to a probability structure. 
As the first stages of morphogenesis take place, structures are 
actualized at particular places within the regions given by the 
probability structure. The system now has a more developed and 
better-defined form, and will consequently resemble the forms of 
some previous similar systems more closely than others; the 
morphic resonance from these forms will be more specific and 
hence more effective. And as development proceeds the selectivity 
of morphic resonance will increase still further. 

A very general illustration of this principle is given by the 
development of an organism from a fertilized egg. The early stages 
of embryology often resemble those of numerous other species or 
even families and orders. As development proceeds, the particular 
features of the order, family, genus and finally species tend 
to appear sequentially, and the relatively minor differences that 
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distinguish the individual organism from other individuals of the 
same species generally appear last. 

This increasingly specific morphic resonance will tend to canalize 
development towards particular variants of the final form which 
were expressed in previous organisms. The detailed pathway of 
development will be affected by both genetic and environmental 
factors: an organism of a particular genetic constitution will tend to 
develop in such a way that it enters into specific morphic resonance 
with previous individuals with the same genetic constitution; and 
environmental effects on development will tend to bring the 
organism under the specific morphic influence of previous organ- 
isms which developed in the same environment. 

Previous similar morphic units which were part of the same 
organism will have an even more specific effect. For example, in 
the development of leaves on a tree, the forms of previous leaves 
on the same tree are likely to make a particularly significant 
contribution to the morphogenetic field, tending to stabilize the 
leaf-form characteristic of this particular tree. 


6.5 The maintenance and stability of forms 


At the end of a process of morphogenesis, the actual form of a 
system comes into coincidence with the virtual form given by the 
morphogenetic field. The continued association of the system with 
-its field is revealed most clearly in the phenomenon of regeneration. 
The restoration of the form of the system after small deviations 
from the final form is less obvious, but no less important: the 
morphic unit is continuously stabilized by its morphogenetic field. 
In biological systems, and to some extent in chemical systems, this 
maintenance of form enables the morphic units to persist even 
though their constituent parts change as they are ‘turned over’ and 
replaced. The morphogenetic field itself persists owing to the 
continuing influence of the forms of similar past systems. 

An extraordinarily interesting feature of the morphic resonance 
acting on a system with a persisting form is that this resonance will 
include a contribution from the past states of the system itself. In 
so far as a system resembles itself in the past more closely than it 
resembles any other past system, this self-resonance will be highly 
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specific. It may in fact be of the most fundamental importance in 
maintaining the very identity of the system. 

Matter can no longer be thought of as made up of solid particles 
like tiny billiard balls that endure throughout time. Material systems 
are dynamic structures which are constantly re-creating themselves. 
On the present hypothesis, the persistence of material forms 
depends on a continuously repeated actualization of the system 
under the influence of its morphogenetic field; at the same time 
the morphogenetic field is continuously re-created by morphic 
resonance from similar past forms. The forms which are most 
similar and which will consequently have the greatest effect will be 
those of the system itself in the immediate past. This conclusion 
would appear to have profound physical implications: the preferen- 
tial resonance of a system with itself in the immediate past could 
conceivably help to account for its persistence not only in time, but 
also at a particular place.* 


6.6 A note on physical ‘dualism’ 


All actual morphic units can be regarded as forms of energy. On the 
one hand, their structures and patterns of activity depend on the 
morphogenetic fields with which they are associated, and under 
the influence of which they have come into being. On the other 
hand, their very existence and their ability to interact with other 
material systems is due to the energy bound within them. But 
although these aspects of form and energy can be separated 
conceptually, in reality they are always associated with each other. 
No morphic unit can have energy without form, and no material 
form can exist without energy. 

This physical ‘duality’ of form and energy which is made explicit 
by the hypothesis of formative causation has much in common 
with the so-called wave-particle duality of quantum theory. 

According to the hypothesis of formative causation, there is only 
a difference of degree between the morphogenesis of atoms and 
that of molecules, crystals, cells, tissues, organs and organisms. If 
‘dualism’ is defined in such a way that the orbitals of electrons in 
atoms involve a duality of waves and particles, or of form and 
energy, then so do the more complex forms of higher-level morphic 
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units; but if the former are not considered to be dualistic, then 
neither are the latter." 

In spite of their similarity, there is of course a difference in kind 
between the hypothesis of formative causation and the conventional 
theory. The latter provides no fundamental understanding of the 
causation of forms, unless equations or ‘mathematical structures’ 
describing them are assumed to play a causal role; if so, a very 
mysterious dualism between mathematics and reality would appear 
to be implied. The hypothesis of formative causation overcomes 
this problem by regarding the forms of previous systems as the 
causes of subsequent similar forms. From the conventional point 
of view, this cure may seem worse than the disease in so far as it 
requires an action across time and space unlike any known type of 
physical action. However, this is not a metaphysical but a physical 
proposition, and is capable of being tested experimentally. 

If this hypothesis is supported by experimental evidence, then 
not only might it allow the various matter fields of quantum field 
theory to be interpreted in terms of morphogenetic fields, but it 
could also lead towards a new understanding of other physical 
fields. 

In the morphogenetic field of an atom, a naked atomic nucleus 
surrounded by virtual orbitals serves as a morphogenetic ‘attractor’ 
for electrons. Perhaps the so-called electrical attraction between 
the nucleus and the electrons could be regarded as an aspect of 
this atomic morphogenetic field. When the final form of the atom 
has been actualized by the capture of electrons, it no longer acts as 
a morphogenetic ‘attractor’, and in electrical terminology it is 
neutral. So it is not inconceivable that electromagnetic fields could 
be derived from the morphogenetic fields of atoms. 

In a comparable manner, it might eventually be possible to 
interpret the strong and weak nuclear forces in terms of the 
morphogenetic fields of atomic nuclei and nuclear particles. 


6.7 A summary of the hypothesis of formative causation 


(i) In addition to the types of energetic causation known to physics, 
and in addition to the causation due to the structures of known 
. physical fields, a further type of causation is responsible for the 
forms of all material morphic units (sub-atomic particles, atoms, 
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molecules, crystals, quasi-crystalline aggregates, organelles, cells, 
tissues, organs, organisms). Form, in the sense used here, includes 
not only the shape of the outer surface of the morphic unit but also 
its internal structure. This causation, called formative causation, 
imposes a spatial order on changes brought about by energetic 
causation. It is not itself energetic, nor is it reducible to the 
causation brought about by known physical fields. (Sections 3.3, 
3.4.) 


(ii) Formative causation depends on morphogenetic fields, structures 
with morphogenetic effects on material systems. Each kind of 
morphic unit has its own characteristic morphogenetic field. In the 
morphogenesis of a particular morphic unit, one or more of its 
characteristic parts — referred to as the morphogenetic germ — 
becomes surrounded by, or embedded within, the morphogenetic 
field of the entire morphic unit. This field contains the morphic 
unit’s virtual form, which is actualized as appropriate component 
parts come within its range of influence and fit into their appropri- 
ate relative positions. The fitting into position of the parts of a 
morphic unit is accompanied by a release of energy, usually as 
heat, and is thermodynamically spontaneous; from an energetic 
point of view, the structures of morphic units appear as minima or 
‘wells’ of potential energy. (Sections 3.4, 4.1, 4.2, 4.4, 4.5.) 


(iii) Most inorganic morphogenesis is rapid, but biological morpho- 
genesis is relatively slow and passes through a succession of 
intermediate stages. A given type of morphogenesis usually follows 
a particular developmental pathway; such a canalized pathway of 
change is called a chreode. Nevertheless, morphogenesis may also 
proceed towards the final form from different morphogenetic 
germs and by different pathways, as in the phenomena of regulation 
and regeneration. In the cycles of cell growth and cell division and 
in the development of the differentiated structures of multicellular 
organisms, a succession of morphogenetic processes takes place 
under the influence of a succession of morphogenetic fields. 
(Sections 2.4, 4.1, 5.4, 6.1.) 


(iv) The characteristic form of a given morphic unit is determined 
by the forms of previous similar systems which act upon it across 
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time and space by a process called morphic resonance. This influence 
takes place through the morphogenetic field and depends on the 
systems’ three-dimensional structures and patterns of vibration. 
Morphic resonance is analogous to energetic resonance in its 
specificity, but it is not explicable in terms of any known type of 
resonance, nor does it involve a transmission of energy. (Sections 
Bl, 5.33 


(v) All similar past systems act upon a subsequent similar system 
by morphic resonance. This action is provisionally assumed not to 
be attenuated by space or time, and to continue indefinitely; 
however, the relative effect of a given system declines as the 
number of similar systems contributing to morphic resonance 
increases. (Sections 5.4, 5.5.) 


(vi) The hypothesis of formative causation accounts for the rep- 
etition of forms but does not explain how the first example of any 
given form originally came into being. This unique event can be 
ascribed to chance, or to a creativity inherent in matter, or to a 
transcendent creative agency. A decision between these alternatives 
can be made only by metaphysical grounds and lies outside the 
scope of the hypothesis. (Section 5.1.) 


(vii) Morphic resonance from the intermediate stages of previous 
similar processes of morphogenesis tends to canalize subsequent 


similar morphogenetic processes into the same chreodes. (Section 
5.4.) 


(viii) Morphic resonance from past systems with a characteristic 
polarity can only occur effectively after the morphogenetic germ of 
a subsequent system has been suitably polarized. Systems which 
are asymmetrical in all three dimensions and exist in right or left 
‘handed’ forms influence subsequent similar systems by morphic 
resonance irrespective of handedness. (Section 6.2.) 


(ix) Morphogenetic fields are adjustable in absolute size and can 
be ‘scaled up’ or ‘scaled down’ within limits. Thus previous systems 
influence subsequent systems of similar form by morphic resonance 
even though their absolute sizes may differ. (Section 6.3.) 


, 
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(x) Even after adjustment for size, the many previous systems 
influencing a subsequent system by morphic resonance are not 
identical, but only similar in form. Therefore their forms are not 
precisely superimposed within the morphogenetic field. The most 
frequent type of previous form makes the greatest contribution by 
morphic resonance, the least frequent the least: morphogenetic 
fields are not precisely defined but are represented by probability 
structures which depend on the statistical distribution of previous 
similar forms. The probability distributions of electronic orbitals 
described by solutions of the Schrödinger equation are examples 
of such probability. structures, and are similar in kind to the 
probability structures of the morphogenetic fields of morphic units 
at higher levels. (Sections 4.3, 5.4.) 


(xi) The morphogenetic fields of morphic units influence morpho- 
genesis by acting upon the morphogenetic fields of their constituent 
parts. Thus the fields of tissues influence those of cells; those of 
cells, organelles; those of crystals, molecules; those of molecules, 
atoms; and so on. These actions depend on the influence of higher- 
level probability structures on lower-level probability structures and 
are thus inherently probabilistic. (Sections 4.3, 4.4.) 


(xii) Once the final form of a morphic unit is actualized, the 
continued action of morphic resonance from similar past forms 
stabilizes and maintains it. If the form persists, the morphic 
resonance acting upon it will include a contribution from its own 
past states. In so far as the system resembles its own past states 
more closely than those of other systems, this morphic resonance 
will be highly specific, and may be of considerable importance in 
maintaining the system’s identity. (Sections 6.4, 6.5.) 


(xiii) The hypothesis of formative causation is capable of being 
tested experimentally. (Section 5.6.) 


Notes 


1 It seems probable that an important cause of ageing, at least at 
the cellular level, is the build-up of harmful waste products 
which cells are unable to eliminate. According to a recent 


ie: 
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theory, if cells grow fast enough they can keep ‘one step ahead’ 
of this build-up simply because these substances are diluted by 
growth. Furthermore, in asymmetric cell divisions, which are 
common in higher animals and plants, these substances may be 
passed on unequally to the daughter cells: one may be rejuven- 
ated at the expense of the increased mortality of the other. 
Thus rejuvenation depends on growth and cell division: mor- 
phogenetic end-points — the differentiated cells, tissues and 
organs of multicellular organisms — are necessarily mortal 
(Sheldrake, 1974). 

2 For animal examples, see Weiss (1939); for plants, Wardlaw 
(1965). 

3 The classical discussion of this elementary but important point 
is in the chapter ‘On Magnitude’ in Thompson (1942). 

4 If the system ‘identifies’ itself with a particular location and if 
its persistence at this location depends on morphic resonance 
with itself in the immediate past, its resistance to being moved 
from this location — its inertial mass — should be related to the 
frequency with which this self-resonance occurs. For resonance 
depends on characteristic cycles of vibration; it cannot occur in 
an instant, because a cycle of vibration takes time. The higher 
the frequency of vibration, the more recent will be the past 
states with which self-resonance occurs; thus the greater will 
be the tendency of the system to be ‘tied’ to its position in the 
immediate past. Conversely, the lower the frequency of 
vibration the less strong will be the tendency of a system to 
‘identify’ itself with itself at a particular location: it will be able 
to move further relative to other objects before it ‘notices’ that 
it has done so. 

There is a remarkable resemblance between the relationship 
suggested above and the proportionality between the mass of a 
particle and the frequency of its matter wave given by the de 
Broglie equation: 

m=hy 
c? 
where m is the mass of the particle, v the frequency of vibration, 
h Planck’s constant, and c the velocity of light. This relationship 
is fundamental to quantum mechanics and is amply supported 
by experimental evidence. 


Ao 
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5 Sir Karl Popper, among others, has argued that talking of a 
dualism of particle and wave has led to much confusion, and 
has suggested that the term dualism should be abandoned: 


‘I propose that we speak instead (as did Einstein) of the particle 
and its associated propensity fields (the plural indicates that the 
fields depend not only on the particle but also on other conditions), 
thus avoiding the suggestion of a symmetrical relation. Without 
establishing some such terminology as this (“association” in place 
of “dualism”), the term “dualism” is bound to survive, with all the 
misconceptions connected with it; for it does point to something 
important: the association that exists between particles and fields of 
propensities.’ (Popper, 1967, p.41.) 


This proposal would appear to harmonize well with the hypoth- 
esis of formative causation if propensity fields are taken to 
include morphogenetic fields. 


7 
The Inheritance of Form 


7.1 Genetics and heredity 


Hereditary differences between otherwise similar organisms 
depend on genetic differences; genetic differences depend on 
differences in the structure of DNA, or in its arrangement within 
the chromosomes; and these differences lead to changes in the 
structure of proteins, or to changes in the control of protein 
synthesis. 

These fundamental discoveries, supported by a large body of 
detailed evidence, provide a satisfyingly straightforward under- 
standing of the inheritance of proteins and of characteristics that 
depend more or less directly on particular proteins, for example 
sickle-cell anaemia and hereditary defects of metabolism. By 
contrast, hereditary differences of form generally bear no immedi- 
ate and obvious relationship to changes in the structure or synthesis 
of particular proteins. Nevertheless, such changes could affect 
morphogenesis in various ways through effects on metabolic 
enzymes, hormone-synthesizing enzymes, structural proteins, pro- 
teins in cell membranes, and so on. Many examples of these effects 
are already known. But granted that various chemical changes lead 
to alterations or distortions of the normal pattern of morphogenesis, 
what determines the normal pattern of morphogenesis itself? 

According to the mechanistic theory, cells, tissues, organs and 
organisms take up their appropriate forms as a result of the 
synthesis of the right chemicals in the right places at the right 
times. Morphogenesis is supposed to proceed spontaneously as a 
result of complex physico-chemical interactions in accordance with 
the laws of physics. But which laws of physics? The mechanistic 
theory simply leaves the question open (Section 2%). 

The hypothesis of formative causation Suggests a new way of 
answering this question. In so far as it offers an interpretation of 
biological morphogenesis which stresses the analogy with physical 
processes such as crystallization, as well as ascribing an important 
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role to energetically indeterminate fluctuations, it fulfils rather than 
denies the expectations of the mechanistic theory. But whereas the 
latter attributes practically all the phenomena of heredity to the 
genetical inheritance embodied in the DNA, according to the 
hypothesis of formative causation organisms also inherit the mor- 
phogenetic fields of past organisms of the same species. This 
second type of inheritance takes place by morphic resonance and 
not through the genes. So heredity includes both genetic inheritance 
and morphic resonance from similar past forms. 

Consider the following analogy. The music which comes out of 
the loudspeaker of a radio set depends both on the material 
structures of the set and the energy which powers it and on the 
transmission to which the set is tuned. The music can of course be 
affected by changes in the wiring, transistors, condensers, etc., and 
it ceases when the battery is removed. Someone who knew 
nothing about the transmission of invisible, intangible and inaudible 
vibrations through the electromagnetic field might therefore con- 
clude that it could be explained entirely in terms of the components 
of the radio, the way in which they were arranged, and the energy 
on which their functioning depended. If he ever considered the 
possibility that anything entered from outside, he would dismiss it 
when he discovered that the set weighed the same switched on and 
switched off. He would therefore have to suppose that the rhythmic 
and harmonic patterns of the music arose within the set as a result 
of immensely complicated interactions among its parts. After 
careful study and analysis of the set, he might even be able to 
make a replica of it which produced exactly the same sounds as the 
original, and would probably regard this result as a striking proof 
of his theory. But in spite of his achievement, he would remain 
completely unaware that in reality the music originated in a 
broadcasting studio hundreds of miles away. 

In terms of the hypothesis of formative causation, the ‘trans- 
mission’ would come from previous similar systems, and its ‘recep- 
tion’ would depend on the detailed structure and organization of 
the receiving system. As in a radio set, two types of change in the 
organization of the ‘receiver’ would have significant effects. First, 
changes in the ‘tuning’ of the system could lead to the reception of 
quite different ‘transmissions’: just as a radio set can be tuned to 
different radio stations, so a developing system can be ‘tuned’ to 
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different morphogenetic fields. Second, just as changes within a 
radio set tuned to a particular station can lead to modifications and 
distortions of the music coming out of the loudspeaker, so changes 
within a system developing under the influence of a particular 
morphogenetic field can lead to various modifications and distor- 
tions of the final form. 

Thus in developing organisms both environmental and genetic 
factors could affect morphogenesis in two different ways: either by 
changing the ‘tuning’ of morphogenetic germs, or by changing the 
usual pathways of morphogenesis in such a way that variants of the 
normal final forms are produced. 


7.2 Altered morphogenetic germs 


The morphogenetic germs for the development of organs and of 
tissues consist of cells or groups of cells with characteristic 
structures and patterns of oscillation (Sections 4.5, 6.1). If as a 
result of unusual environmental conditions or genetic alterations 
the structure and oscillatory pattern of a germ were changed 
sufficiently, it would no longer become associated with the usual 
higher-level field: either it might fail to act as a germ at all, in 
which case an entire structure would fail to appear within the 
organism; or it might become associated with a different morpho- 
genetic field, in which case a structure not normally found in this 
part of the organism would develop instead of the usual one. 

Many examples of such a loss of an entire structure or of the 
replacement of one structure by another have been described. 
Sometimes the same changes can be brought about by genetic 
factors and by changes in the environment of the developing 
organism; the latter are referred to in the genetical literature as 
‘phenocopies’. 

Effects of these types have been studied in great detail in the 
fruit fly Drosophila. A considerable number of identified mutations 
lead to transformations of entire regions of the fly; for example 
‘antennapedia’ changes the antennae into legs, and mutations 
within the ‘bithorax’ gene complex cause the metathoracic segment, 
which normally bears two halteres, to develop as if it were a 
mesothoracic segment (Fig. 17). The resulting organisms bear.two 
pairs of wings on adjacent segments.! 
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Haltere 


Figure 17 A normal specimen of the fruit fly Drosophila (A) and a mutant 
fly (B) in which the third thoracic segment has been transformed in such a 
way that it resembles the second thoracic segment. The fly consequently 
has two pairs of wings instead of one. 


Comparable phenomena have been found in plants. In the pea, 
for example, the leaves normally bear leaflets towards their base 
and tendrils at their tip. In some leaves tendrils are formed opposite 
leaflets, indicating that similar primordia are capable of giving rise 
to both types of structure (Fig. 18); presumably cells within these 
primordia are influenced by factors within the embryonic leaf 
causing them to take up the structure and oscillatory pattern 
characteristic of the morphogenetic germ either of a tendril, or of a 
leaflet. However, in one type of mutant, the ability to form tendrils 
is suppressed and all the primordia give rise to leaflets; in another 
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Figure 18 A: Normal pea leaves, bearing both leaflets and tendrils. 
B: Leaf of a mutant plant in which only leaflets are formed. 
C: Leaf of a mutant plant in which only tendrils are formed. 


mutant (due to a gene on a different chromosome) the formation 
of leaflets is suppressed and all the primordia give rise to tendrils? 
(Fig. 18). 

The conventional interpretation is that the genes responsible for 
these effects are involved in the control of the synthesis of 
proteins necessary for the normal processes of morphogenesis. An 
interpretation in terms of the hypothesis of formative causation 
would not conflict with this assumption, but complement it. The 
product of the gene in question would not be regarded only as 
something which ‘switched on’ or ‘switched off a complicated 
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series of chemical interactions, but as something which influenced 
the structure of a morphogenetic germ. There are many conceivable 
ways in which it might do this, for example by coding for a protein 
which modified the properties of cell membranes. If the mutation 
changed the structure of this protein and consequently led to 
changes in the properties of the membranes, the structures or 
patterns of oscillation of the cells of the morphogenetic germ might 
be altered in such a way that they no longer became associated 
with the usual morphogenetic field. Consequently a whole pathway 
of morphogenesis would be blocked. Because the cells involved in 
this pathway no longer underwent their normal development and 
differentiation, they would not synthesize the proteins characteristic 
of these processes. And if the morphogenetic germ were altered in 
such a way that it became associated with a different morphogenetic 
field by morphic resonance, the developing cells would then 
synthesize the proteins appropriate to that particular morphogenetic 
process. 

Thus a mutation which caused one pathway of morphogenesis 
to be blocked, or led to the substitution of another, would indeed 
alter a gene product which indirectly controlled the patterned 
synthesis of proteins, as the mechanistic theory supposes. However, 
this control would not depend on complicated chemical interactions 
alone, but would be mediated by morphogenetic fields. 


7.3 Altered pathways of morphogenesis 


Whereas the factors affecting morphogenetic germs have qualitative 
effects on morphogenesis resulting in the absence of a structure, 
or the substitution of one structure for another, many environmen- 
tal and genetic factors bring about quantitative modifications of the 
final forms of structures through their effects on the processes of 
morphogenesis. For example, in plants of a given cultivated variety 
grown under a range of environmental conditions, the overall 
shape of the shoot and root systems, the morphology of the leaves, 
and even the anatomy of various organs differ in detail; but 
nevertheless the characteristic varietal form remains recognizable. 
Or in different varieties of the same species grown in the same 
environment, the plants differ from each other in many details, 
although they are all recognizably variants of a characteristic 
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specific form: species are, after all, primarily defined in terms of 
their morphology. 

Genetic and environmental factors influence development 
through various quantitative effects on structural components, 
enzymic activity, hormones, etc. (Section 7.1.) Some of these 
influences are relatively unspecific and affect several different 
pathways of morphogenesis. Others may perturb the normal course 
of development but have little effect on the final form, owing to 
regulation. 

While certain striking genetic effects may be traceable to particu- 
lar genes, most depend on the combined influence of numerous 
genes, the individual effects of which are small, and difficult to 
identify and analyse. 

According to the hypothesis of formative causation, organisms of 
the same variety or race will resemble each other not only because 
they are genetically similar and therefore subject to similar genetic 
influences during morphogenesis, but also because their character- 
istic varietal chreodes are reinforced and stabilized by morphic 
resonance from past organisms of the same variety. 

The morphogenetic fields of a species are not fixed, but change 
as the species evolves. The greatest statistical contribution to the 
probability structures of the morphogenetic fields will be made by 
the most common morphological types, which will also be those 
which developed under the most usual environmental conditions. 
In the simplest cases, the automatic averaging effect of morphic 
resonance will stabilize the morphogenetic fields around a single 
most probable form or ‘wild type’. But if the species inhabits two 
or more geographically or ecologically distinct environments in 
which characteristic varieties or races have evolved, the morphogen- 
etic fields of the species will not contain a single most probable 
form, but a ‘multi-modal’ distribution of forms, depending on the 
number of morphologically distinct varieties or races and the 
relative sizes of their past populations. 


7.4 Dominance 


At first sight, the idea that varietal forms are stabilized by morphic 
resonance from past organisms of the same variety may appear to 
add little to the conventional explanation in terms of genetic 


pe 


Dominance 131 


similarity alone. However, its importance becomes apparent in 
considering hybrid organisms which are subject to morphic reson- 
ance from two distinct parental types. 

To return to the radio analogy: under normal circumstances a 
set is tuned to only one station at a time, just as an organism is 
normally ‘tuned’ to similar past organisms of the same variety. But 
if the radio is tuned in to two different stations simultaneously, the 
sounds it produces depend on the relative strength of their signals: 
if one is very strong and the other very weak, the latter has little 
noticeable effect; but if both are of similar strength, the set 
produces a mixture of sounds from both sources. Likewise, in a 
hybrid produced by crossing two varieties, the presence of genes 
and gene-products characteristic of both will tend to bring the 
developing organism into morphic resonance with past organisms 
of both parental types. Now the overall probability structures within 
the morphogenetic fields of the hybrid will depend on the relative 
strength of the morphic resonance from the two parental types. If 
both parents come from varieties represented by comparable 
numbers of past individuals, both will tend to influence morphogen- 
esis to similar extents, giving a combination or ‘resultant’ of the 
two parental forms (Fig. 19 A). But if one variety has been 
represented by fewer individuals than the other, their smaller 
contribution to the overall probability structure will mean that the 
form of the other parental variety will tend to predominate (Fig. 
19 B). And if one of the parents comes from a mutant line of 


VN a 


Parent 1 Parent 2 | Parent 1 Parent 2 Parent 1 Parent 2 
(mutant) 


Probability (number 
of past individuals) 


Index of form —> 


Figure 19 Diagrammatic representation of the probability structures of 
the morphogenetic fields of parents and hybrids. 
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recent origin, morphic resonance from the small number of past 
individuals of this type will make an insignificant contribution to 
the probability structure of the hybrids (Fig. 19 C). 

These expectations are in harmony with the facts. First, hybrids 
between well-established varieties or species usually combine fea- 
tures of both, or are of intermediate form. Second, in hybrids 
between a relatively recent variety and a long-established variety, 
the characters of the latter are usually more or less dominant. And 
third, recent mutations affecting morphological characters are 
nearly always recessive. 

Significantly, mechanistic theories of dominance are both vague 
and speculative, except in the case of characteristics which depend 
more or less directly on particular proteins. If a mutant gene leads 
to a loss of function, for example by giving rise to a defective 
enzyme, it will be recessive, because in hybrids the presence of a 
normal gene enables the normal enzyme to be produced and hence 
the normal biochemical reactions occur. However, in some cases 
the defective gene product might be positively harmful, for example 
by interfering with the permeability of membranes, in which case 
the mutation would tend to be both dominant and lethal. 

These explanations are satisfactory as far as they go; but in 
the absence of any mechanistic understanding of morphogenesis, 
the attempt to account for dominance in the inheritance of form 
by extrapolation from the molecular level inevitably begs the 
question. 

The conventional genetical theories of dominance are more 
sophisticated than the purely biochemical theory; they emphasize 
that dominance is not fixed, but that it evolves. In order to account 
for the relative uniformity of wild populations, in which most non- 
lethal mutations are recessive, they assume that the dominance of 
the ‘wild type’ has been favoured by natural selection. One theory 
postulates the selection of genes which modify the dominance of 
other genes,’ and another theory the selection of increasingly 
effective versions of the genes that control the dominant characters 
in question.* But apart from the fact that there is little evidence in 
favour of either, and some against both, these theories suffer from 
the defect that they pre-suppose rather than explain dominance: 
they only provide hypothetical mechanisms by which it could be 
maintained or increased." 
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According to the hypothesis of formative causation, dominance 
would evolve for a fundamentally different reason. Types favoured 
by natural selection would be represented by larger numbers of 
individuals than types of lower survival-value; as time went on, the 
former would become increasingly dominant through the cumulat- 
ive effect of morphic resonance. 

This hypothesis could in principle be distinguished experimen- 
tally from all mechanistic theories of dominance. According to the 
latter, under a given set of environmental conditions dominance 
depends only on the genetic constitution of a hybrid, whereas 
according to the former it depends both on the genetic constitution 
and on morphic resonance from the parental types. Therefore if 
the relative strength of the resonance from the parental types 
changed, the dominance of one over the other would change even 
if the genetic constitution of the hybrid remained the same. 

Consider the following experiment. Hybrid seeds are obtained 
from a cross between plants of a well-defined variety (Pı) and a 
mutant line (P2). Some of these hybrid seeds are placed in cold 
storage, while others are grown under controlled conditions. The 
characteristics of the hybrid plants are carefully observed, and the 
plants themselves are preserved. In these plants the Pı morphology 
is completely dominant (Fig. 19 C). Then very large numbers of 
plants of the mutant type (P2) are grown in the field. Subsequently, 
some of the hybrids are again grown under the same conditions as 
they were before, from the same batch of seeds. Because P2 now 
makes a greater contribution by morphic resonance, P; may be 
only partially dominant (Fig. 19 B). After growing many more P2 
plants, the form of the hybrids may be intermediate between the 
two parental types (Fig. 19 A). Then still more plants of the Pz 
type are grown in large numbers; subsequently the hybrids are 
again grown under the same conditions as the previous hybrids 
from the same batch of seeds. Now the Pz type will make a 
greater contribution by morphic resonance than Pi, and the Pz 
morphology will be dominant. 

This result would strongly support the morphic resonance 
hypothesis of dominance, and would be completely incomprehen- 
sible from the point of view of orthodox genetical theory. The only 
problem with this experiment is that it might be difficult to perform 
in practice, since if P; is a well-established variety that has existed 
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for a very long time — in the case of a wild variety perhaps for 
many thousands or even millions of years — it would not be 
practicable to grow comparable numbers of the Pz type. The 
experiment would be feasible only if Pı were a recent variety of 
which only a relatively small number of individuals had been grown 
in the past. 


7.5 Family resemblances 


Within a given variety, organisms differ from each other in all sorts 
of minor ways. In an interbreeding population each individual is 
more or less unique genetically, and thus tends to follow its own 
characteristic path of development under the various quantitative 
influences of its genes. Moreover, since morphogenesis depends 
on the effect of probability structures on probabilistic events, 
the whole process is somewhat indeterminate. And then local 
environments vary. As a result of all these factors, each individual 
has a characteristic form and makes its own unique contribution to 
subsequent morphogenetic fields. 

The most specific morphic resonance acting on a particular 
organism is likely to be that from previous closely-related individ- 
uals with a similar genetical constitution, accounting for family 
resemblances. This specific morphic resonance will be superim- 
posed on the less specific resonance from numerous past individ- 
uals of the same variety; and this in turn will be superimposed on a 
general background of morphic resonance from all past members 
of the species. 

In the valley model of a chreode (cf. Fig. 5), the most specific 
morphic resonances would determine the detailed course of mor- 
phogenesis, corresponding to the bed of a stream, and the less 
specific morphic resonance from previous individuals of the same 
variety the bed of a small valley. The variant chreodes of different 
varieties within the same species would correspond to small 
divergent or parallel valleys within a larger valley representing the 
chreode of the species as a whole. 


7.6 Environmental effects and morphic resonance 


The forms of organisms are influenced to varying degrees by the 
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environmental conditions under which they develop. According to 
the hypothesis of formative causation, they are also influenced 
by the environmental conditions under which previous similar 
organisms developed, because the forms of these organisms con- 
tribute to their morphogenetic fields by morphic resonance. In 
terms of the radio analogy, the music coming out of the loudspeaker 
is affected not only by changes within the receiver, but also by 
changes within the broadcasting studio: if an orchestra starts 
playing a different piece of music, the radio set produces different 
sounds even though its tuning and internal structures remain the 
same. 

Consider, for example, a new variety of a cultivated species. If 
very large numbers of plants of this variety are grown in one 
environment and very few in others, the former will make a much 
larger contribution to the probability structures of the varietal 
morphogenetic fields; their form will be the most probable form of 
the variety and will therefore tend to influence the morphogenesis 
of all subsequent plants of the same variety, even when they are 
grown in different environments. 

In order to test this prediction, it would perhaps be best to use a 
new variety of a self-pollinated crop; the plants would be very 
similar to each other genetically, and there would be no danger of 
their outcrossing with other varieties. To start with, a few plants 
would be grown in two very different environments, X and Y, and 
their morphological characters carefully recorded. Some of the 
original batch of seeds would be placed in cold storage. Then very 
large numbers of plants would be grown in environment Y (either 
in one season, or over several generations). Subsequently, using 
some of the original seeds which had been kept in cold storage, a 
few plants would once again be grown in environment X. Their 
morphogenesis should now be influenced by morphic resonance 
from the large numbers of genetically similar plants grown in 
environment Y. Consequently they should show more resemblance 
to the Y-type morphology than did the original X-type plants. (Of 
course, for a valid comparison of plants grown in X on different 
occasions, it would be necessary to ensure that the conditions were 
practically identical; this would be impossible in the field, but 
could be achieved relatively easily with an artificially controlled 
environment in a phytotron.) 
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If this result were actually obtained, it would provide positive 
evidence for the hypothesis of formative causation, and would be 
inexplicable in terms of the mechanistic theory. 

A negative result would be inconclusive for two reasons: first, 
the direct effects of environment X on morphogenetic processes 
might be so strong that they always channelled morphogenesis into 
X-type chreodes in spite of the relatively small stabilizing effect of 
morphic resonance on these pathways. And second, plants of other 
varieties of the same species would influence development by 
morphic resonance, although less specifically; nevertheless this 
influence might tend to stabilize either or both the X- and the Y- 
type chreodes, especially if these environments resembled those in 
which previous varieties of the species normally grew. This effect 
could be minimized by an appropriate choice of environments. 


7.7 The inheritance of acquired characteristics 


The influence of previous organisms on subsequent similar organ- 
isms by morphic resonance could give rise to effects which could 
not conceivably occur if heredity depended only on the transfer of 
genes and other material structures from parents to their progeny. 
This possibility enables the question of the ‘inheritance of acquired 
characteristics’ to be seen in a new light. 

In the fierce controversy at the end of the nineteenth and in the 
earlier part of this century, both the Lamarckians on the one hand, 
and the followers of Weismann and of Mendel on the other, 
assumed that heredity depended only on the germ plasm in general 
or the genes in particular. Therefore if characteristics acquired by 
organisms in response to the environment were to be inherited, 
the germ plasm or the genes would have to undergo specific 
modifications. The anti-Lamarckians emphasized that such modifi- 
cations seemed extremely unlikely, if not impossible. Even the 
Lamarckians themselves were unable to suggest any plausible 
mechanisms by which these changes could be brought about. 

On the other hand, the Lamarckian theory seemed to provide a 
plausible explanation for hereditary adaptations in animals and 
plants. For example, camels have callosities on their knees. It is 
easy to understand how these are acquired in response to abrasion 
of the skin as the camels kneel down. But baby camels are born 
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with them. Facts of this type would make good sense if acquired 
characteristics somehow became hereditary. 

However, the Mendelians deny this possibility, and offer an 
alternative interpretation in terms of random mutations: if organ- 
isms with the acquired characteristics in question are favoured by 
natural selection, random mutations which happen to produce the 
same characteristics without the need to acquire them will also be 
favoured by natural selection, and thus the characteristics will 
become hereditary. This hypothetical simulation of the inheritance 
of acquired characteristics is sometimes called the Baldwin effect, 
after one of the evolutionary theorists who first suggested it. 

In the early part of the present century, dozens of scientists 
claimed to have demonstrated an inheritance of acquired character- 
istics in various species of animals and plants.’ The anti-Lamarck- 
ians replied with counter-examples, citing again and again the 
well-known experiment of Weismann, in which he chopped the 
tails off mice for twenty-two successive generations and found 
that their progency still developed tails. Another argument drew 
attention to the fact that after many generations of circumcision, 
Jews are still born with foreskins. 

After the suicide of one of the leading Lamarckians, P. Kamm- 
erer, in 1926, Mendelism became established in the West as the 
almost unchallenged orthodoxy. Meanwhile, in the Soviet Union 
believers in the inheritance of acquired characteristics, led by T.D. 
Lysenko, gained control of the biological establishment in the 
1930s and remained dominant until 1964. During this period 
many of their Mendelian opponents were cruelly persecuted.” 
This polarization resulted in bitterness and dogmatism on both 
sides. 

However, there is now good evidence that acquired character- 
istics can indeed be inherited; the problem has become one 
of interpretation. In an important series of experiments, C.H. 
Waddington exposed the eggs or pupae of wild-type populations of 
fruit flies to fumes of ether or to high temperatures, causing some 
of the flies to develop abnormaily.'° The next generation was bred 
from these abnormal flies, and the eggs or pupae were again 
exposed to the environmental stress; again the abnormal flies were 
selected and bred from; and so on. In successive generations, 
the proportion of abnormal flies increased. After a number of 
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generations (in some cases 14, in others 20 or more) when the 
progeny of the abnormal flies were raised without the environmental 
stress in a normal environment, some of them still developed the 
characteristic abnormalities. Moreover these abnormalities con- 
tinued to appear in their descendants raised under normal con- 
ditions. In Waddington’s words: ‘All these experiments 
demonstrate that if selection takes place for the occurrence of a 
character acquired in a particular abnormal environment, the 
resulting selected strains are liable to exhibit that character even 
when transferred back to the normal environment.”!! 

Waddington considered the possibility that some physical or 
chemical influence from the altered structures in the abnormal 
flies could have induced heritable modifications in their genes,'? 
but rejected it because the findings of molecular biology made any 
such mechanism seem exceedingly unlikely.” His final interpret- 
ation emphasized both the role of selection for the genetic potential 
to respond to the environmental stress by developing abnormally, 
and also the ‘canalization of development’ involved in the modified 
morphogenesis. “To use somewhat picturesque language, one 
might say that the selection did not merely lower a threshold, but 
determined in what direction the developing system would proceed 
once it got over the threshold.’'* Waddington himself coined 
the word chreode to express the notion of directed, canalized 
development. He thought of the determination of the direction 
taken by a chreode in terms of its ‘tuning’. But he did not explain 
how this canalization and ‘tuning’ came about, apart from making 
the vague suggestion that they somehow depended on the selection 
of genes.!° 

The hypothesis of formative causation complements Wadding- 
ton’s interpretation: the chreades and the final forms towards 
which they are directed depend on morphic resonance from 
previous similar organisms; the ‘inheritance of acquired character- 
istics’ of the kind studied by Waddington depends both on genetic 
selection and on a direct influence by morphic resonance from the 
organisms whose development was modified in response to abnor- 
mal environments. 

In general, pathways of morphogenesis altered by either environ- 
mental or genetic factors will tend to canalize and stabilize similar 
processes of morphogenesis in subsequent similar organisms by 
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morphic resonance. The strength of this influence will depend on 
the specificity of the resonance and on the number of previous 
similar organisms whose morphogenesis has been altered; this 
number will tend to be large if the alterations are favoured by 
natural or artificial selection, and small if they are not. 

Mutilations of fully-formed structures would not alter their 
pathways of morphogenesis unless they regenerated. Hence muti- 
lations of non-regenerating structures would not be expected to 
influence the development of subsequent organisms. This con- 
clusion is in agreement with the findings that the amputation of 
the tails of mice and the circumcision of Jews have no significant 
hereditary effects. 
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8 
The Evolution of Biological Forms 


8.1 The neo-Darwinian theory of evolution 


Very little is actually known, or ever can be known, about the 
details of evolution in the past. Nor is evolution readily observable 
in the present. Even on a time scale measured in millions of years, 
the origin of new species is rare, and of genera, families and orders 
rarer still. The evolutionary changes which have actually been 
observed over the last century or so for the most part concern the 
development of new varieties or races within established species. 
The best documented examples are of the emergence of dark- 
coloured races of several European moths in areas where industrial 
pollution led to the blackening of the surfaces on which they 
settled. Dark mutants were favoured by natural selection because 
they were better camouflaged and hence less subject to predation 
by birds. 

With such scanty direct evidence, and with so little possibility of 
experimental test, any interpretation of the mechanism of evolution 
is bound to be speculative: unconstrained by detailed facts, it will 
largely consist of an elaboration of its initial assumptions about the 
nature of inheritance and the sources of heritable variation. 

The orthodox mechanistic interpretation is provided by the neo- 
Darwinian theory, which differs from the original Darwinian theory 
in two major respects: first, it assumes that heredity is explicable in 
terms of genes and chromosomes; and second, that the ultimate 
source of heritable variability is the random mutation of the genetic 
material. The main features of this theory can be summarized as 
follows: 


(i) Mutations take place at random. 


(ii) Genes are recombined by sexual reproduction, the “crossing 
over’ of chromosomes, and by changes in chromosomal structure. 
These processes produce new permutations of genes which may 
bring about new effects. 
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(iii) The spread of a favourable mutation is likely to be more 
rapid in small than in large interbreeding populations. In small 
populations or in medium-sized populations which undergo large 
fluctuations, mutant genes may be lost or preserved at random by 
‘genetic drift’ rather than as a result of natural selection. 


(iv) Natural selection tends to eliminate mutant genes with harmful 
effects. The agents of selection include predators; parasites and 
infectious diseases; competition for space, food, etc.; climatic and 
micro-climatic conditions; and sexual selection. 


(v) New selection pressures come into play as a result of changes 
in environmental conditions, and of changes in the behavioural 
patterns of the organisms themselves. 


(vi) If populations become separated geographically or ecologically, 
or for any other reason, they are likely to undergo divergent 
evolution. 


(vii) Particularly in the plant kingdom, new species may arise from 
inter-specific hybrids which, although usually sterile, sometimes 
become fertile as a result of polyploidy. 


Some of the main features of this neo-Darwinian theory have 
been elaborated mathematically in the field of theoretical popu- 
lation genetics. In order to construct mathematical models, it is 
usually assumed for the sake of simplicity that genes are subjected 
to selection independently of each other (although in fact they are 
linked together in chromosomes and interact in their effects with 
other genes). Then by assigning numerical values to selection 
pressures, mutation rates and population sizes, the changes in gene 
frequency over a given number of generations can be worked out. 
These methods have been extended to cover all aspects of evolution 
by assuming that morphological characters and instincts are deter- 
mined by individual genes or combinations of genes.! 

Most neo-Darwinian theorists assume that divergent evolution 
under the influence of natural selection over long periods of time 
will not only lead to the development of new races, varieties and 
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sub-species, but also new species, genera, families, orders and 
phyla.? This view has been disputed on the grounds that the 
differences between these higher taxonomic divisions are too great 
to have arisen by gradual transformations; apart from anything 
else, the organisms often differ in the number and structure of 
their chromosomes. Several authors have suggested that these 
large-scale evolutionary changes occur suddenly as a result of 
macro-mutations. Contemporary examples of such sudden changes 
are provided by monstrous animals and plants in which structures 
have been transformed, reduplicated or suppressed. Occasionally 
in the course of evolution, ‘hopeful monsters’ could have survived 
and reproduced.’ One argument advanced in favour of this view is 
that whereas gradual changes under selection pressure should 
result in forms with a definite adaptive value (except perhaps in 
small populations subject to ‘genetic drift’), macro-mutations could 
produce all sorts of apparently gratuitous large-scale variations 
which would be weeded out by natural selection only if they were 
positively harmful, thus helping to account for the prodigious 
diversity of living organisms.* 

Although these authors emphasize the importance of sudden 
large changes, they do not disagree with the orthodox assumptions 
that evolution as a whole depends only on random mutations and 
genetical inheritance, in combination with natural selection. 

More radical critics challenge these basic principles themselves, 
arguing that it is hardly conceivable that all the adaptive structures 
and instincts of living organisms could have arisen purely by chance, 
even granted that natural selection will only permit organisms to 
survive and reproduce if they are sufficiently well-adapted to do 
so. Moreover, they claim that some instances of parallel and 
convergent evolution, in which very similar morphological charac- 
ters appear independently in different taxonomic groups, indicate 
the operation of unknown factors in evolution, even granted parallel 
selection pressures. Finally, some object to the implicit or explicit 
mechanistic assumption that evolution as a whole is entirely 
purposeless.° i 

The metaphysical denial of any creative agency or purpose in 
the evolutionary process follows from the philosophy of materialism, 
with which the mechanistic theory is so closely associated.® But 
unless scientific and metaphysical issues are to become hopelessly 
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confounded, within the limited context of empirical science the 
neo-Darwinian theory must be treated not as a metaphysical 
dogma, but as a scientific hypothesis. As such it can hardly be 
regarded as proved: at best it offers a plausible interpretation of 
the processes of evolution on the basis of its assumptions about 
genetical inheritance and the randomness of mutations. 

The hypothesis of formative causation enables heredity to be 
seen in a new light, and therefore leads to a rather different 
interpretation of evolution. But while agreeing with the neo- 
Darwinian assumption that genetic mutations are random, it neither 
affirms nor denies the metaphysics of materialism (Section 8.7). 


8.2 Mutations 


If organisms developed in the same environments generation after 
generation, and passed on identical genes and chromosomes to 
their offspring, the combined effects of genetic inheritance and 
morphic resonance would lead to an indefinite repetition of the 
same old forms. But, in fact, changes are imposed upon organisms 
both from within, by genetic mutation, and from without, by 
alterations in the environment. 

Mutations are accidental changes in the structure of genes or of 
chromosomes, individually unpredictable not only in practice, but 
also in principle, because they depend on probabilistic events. 
There seems no reason to doubt that they are random, as the neo- 
Darwinian theory supposes. 

Many mutations have effects which are so deleterious as to be 
lethal. But of those which are less harmful, some affect morphogen- 
esis through quantitative influences on pathways of morphogenesis, 
and give rise to variants of normal forms (Section 7.3); and others 
affect morphogenetic germs in such a way that whole pathways 
of morphogenesis are blocked, or replaced by other pathways 
(Section 7.2). 

In those rare cases where mutations lead to changes which are 
favoured by natural selection, not only will the proportion of 
mutant genes in the population tend to increase, in accordance 
with the neo-Darwinian theory, but also the repetition of the new 
pathways of morphogenesis in increasing numbers of organisms 
will reinforce the new chreodes: not only the ‘gene pools’, but also 
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the morphogenetic fields of a species will change and evolve as a 
result of natural selection. 


8.3 The divergence of chreodes 


If a mutation or environmental change perturbs a normal pathway 
of morphogenesis at a relatively early stage, the system may be able 
to regulate and go on to produce a normal final form in spite 
of this disturbance. If this process is repeated generation after 
generation, the chreodic diversion will be stabilized by morphic 
resonance; consequently a whole race or variety of a species will 
come to follow an abnormal pathway of morphogenesis while still 
ending up with the usual adult form. In fact many cases of so- 
called temporary deviations in development have been described. 
For example, in the turbellarian worm Prorhynchnus stagnitilis the 
egg cells cleave either in a spiral or in a radial manner, and the 
developing embryos grow either inside the yolk or on its surface. 
Owing to these differences in early embryology, some of the organs 
are formed in different sequences; nevertheless, the adult animals 
are identical. And in a single species of the annelid worm Nereis, 
two very different kinds of larva are produced; but both develop 
into the same adult form.’ In some such cases, the temporary 
deviations may be adaptive, for example to conditions of larval life, 
but in most they occur for no apparent reason. 

Of much greater evolutionary significance are those divergences 
of chreodes which are not fully corrected by regulation and which 
therefore give rise to variant final forms. Such changes in the 
pathway of development could arise either as a result of mutations 
(cf. Section 7.3) or unusual environmental conditions (cf. Section 
7.6). In the case of mutation in an unchanged environment, if the 
deviant final form has a selective advantage, the mutant genes will 
increase in frequency within the population, and also the new 
chreode will be increasingly reinforced by morphic resonance. In 
the more complicated case where a variant form which arises in 
response to unusual environmental conditions has a selective 
advantage, the new chreode will be reinforced as before, and at the 
same time selection will also operate in favour of those organisms 
with the genetic capacity to respond in this way (cf. Waddington’s 
experiments on fruit flies, Section 7.7). So the acquired character- 
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istics will become hereditary through a combination of genetic 
selection and morphic resonance. 

Under natural conditions, the operation of different selection 
pressures on geographically or ecologically isolated populations of 
a species will result in a divergence both of their ‘gene pools’ and 
of their chreodes. Countless species of animals and plants have in 
fact diverged into genetically and morphologically distinct races 
and varieties; familiar examples are provided by domesticated 
animals and cultivated plants.® Think, for instance, of the amaz- 
ingly diverse breeds of dogs, ranging from the Afghan hound to 
the Pekinese. 

In some cases, the morphological divergence affects only one 
particular structure or a small group of structures, while others 
remain relatively unaffected. For example in the small fish Belone 
acus the jaws in the early stages of development resemble those of 
related species, but subsequently they develop into an enormously 
elongated snout.? Many structural exaggerations have evolved 
under the influence of sexual selection, for example the antlers of 
deer. And flowers provide thousands of examples of the divergent 
development of different component parts: compare, for instance, 
the modifications of the petals in different species of orchid. 

In other cases, the form of many different structures has changed 
in a correlated manner. Indeed if the forms vary in a particularly 
uniform and harmonious way, they can be compared diagrammati- 
cally by the systematic distortion of superimposed co-ordinates 
(Fig. 20), as Sir D’Arcy Thompson showed in the chapter of his 
essay On Growth and Form entitled “The Theory of Transform- 
ations, or the Comparison of Related Forms’. 

These kinds of evolutionary change take place within the context 
of already-existing morphogenetic fields. They produce variations 
on given themes. But they cannot account for these themes 
themselves. In Thompson’s words: 
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‘We cannot transform an invertebrate into a vertebrate, nor a coelenterate 
into a worm, by any simple and legitimate deformation, nor by anything 
short of reduction to elementary principles ... Formal resemblance, 
which we depend on as a trusty guide to the affinities of animals within 
certain bounds or grades of kinship and propinquity, ceases in certain 
other cases to serve us, because under certain circumstances it ceases to 
exist. Our geometrical analogies weigh heavily against Darwin’s conception 


146 The Evolution of Biological Forms 


= i di; 


<= 
ANN my 


SS 
SS 


ECRAN 


Figure 20 Comparisons of the forms of different species of fish. (From 
Thompson, 1942. Reproduced by courtesy of the Cambridge University 
Press.) 


of endless small continuous variations; they help to show that discontinuous 
variations are a natural thing, that . . . sudden changes, greater or less, are 


bound to have taken place, and new “types” to have arisen, now and 
then’.!° 


la 


8.4 The suppression of chreodes 
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Whereas the divergence of chreodes within existing morphogenetic 
fields permits continuous or quantitative variation of form, develop- 
mental changes involving the suppression of chreodes or the 
substitution of one chreode for another result in qualitative discon- 
tinuities. According to the hypothesis of formative causation, these 
effects are caused by mutations or environmental factors which 
alter morphogenetic germs (Section 7.2). Examples of mutant pea 
leaves in which leaflets are substituted for tendrils are shown in 
Fig. 18, and a ‘bithorax’ mutant of Drosophila in Fig. 17. 


Figure 21 A seedling of an Acacia species. (After Goebel, 1898.) 
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Changes of these types probably occurred frequently in the 
course of evolution. For example, in certain species of Acacia, the 
leaves have been suppressed and their role taken over by flattened 
leaf-stalks. This process can actually be seen in seedlings, where 
the first-formed leaves are typically pinnate (Fig. 21). In members 
of the cactus family, leaves have been replaced by spines. Among 
the insects, in almost every order there are species in which the 
wings have been suppressed either in both sexes, as in certain 
parasitic flies, or in only one sex, as in the female beetle known as 
the glow worm. In the case of ants, female larvae develop either 
into winged queens or wingless workers depending on the chemical 
constitution of their diet. 

In some species, juvenile forms become sexually mature and 
reproduce without ever producing the characteristic structures of 
the adult, which are, as it were, short-circuited. The classic 
example is the axolotl, a tadpole of the tiger salamander, which 
reaches full size and becomes sexually mature without losing its 
larval characteristics. If axolotls are supplied with thyroid hormone, 
they metamorphose into the air-breathing adult form and move 
out of the water onto land. 

The most extreme examples of the suppression of chreodes are 
found among parasites, some of which have lost nearly all the 
structures characteristic of related free-living forms. 


8.5 The repetition of chreodes 


In all multicellular organisms, some structures are repeated several 
or many times: the tentacles of Hydra, the arms of the starfish, the 
legs of centipedes, the feathers of birds, the leaves of trees, and so 
on. Then many organs are made up of repeated structural units: 
the tubules of kidneys, the segments of fruits, etc. And, of course, 
at the microscopic level, tissues contain thousands or millions of 
copies of a few basic types of cell. 

If, as a result of mutations or environmental changes, extra 
morphogenetic germs are formed within developing organisms, 
then certain structures can be repeated more than usual. A 
familiar horticultural example is that of ‘double’ flowers, containing 
additional petals. Human babies are sometimes born with extra 
fingers or toes. And many instances of abnormally reduplicated 
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structures can be found in the standards texts on teratology, 
ranging from double-headed calves to monstrous multiple pears 
(Fig. 22). 

As these additional structures develop, regulation occurs in such 
a way that they are integrated more or less completely with the rest 
of the organism: for example extra petals in double flowers have 
normal vascular connections, and extra fingers and toes have a 
proper blood supply and innervation. 

That reduplication of structural units must have played an 
essential role in the evolution of new types of animals and plants is 
evident from the structural repetitions within existing organisms. 
Moreover, many of the structures of animals and plants which are 
now different from each other may well have evolved from originally 
similar units. For example, the insects are believed to have evolved 
from creatures resembling primitive centipedes, with a series of 
more or less identical segments, each bearing a pair of leg-like 
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Figure 22 A monstrous pear. (After Masters, 1869.) 
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appendages. The appendages on the segments at the front end 
may have given rise to the mouthparts and antennae, while the 
segments themselves fused together to form the head. At the tail 
end some of the appendages may have been modified to produce 
structures concerned with mating and manipulation of the eggs. In 
the abdominal segments the appendages were suppressed, but in 
the three thoracic segments they were retained, and evolved into 
the modern insect legs.!! 

Such a divergence of originally similar chreodes would only 
have been possible if the segmental morphogenetic germs became 
differentiated from one another in their structure; otherwise they 
would all have continued to become associated by morphic reson- 
ance with the same morphogenetic fields. And even in modern 
insects, if this diversification of the segmental primordia failed to 
occur during the early stages of embryology, then the normal 
differences between segments would be lost. Indeed, this is just 
what seems to happen in the fruit fly Drosophila as a result of 
mutations in the ‘bithorax’ gene complex: some transform the 
structures of the third thoracic segment into those of the second, 
so the fly bears two pairs of wings instead of one (Fig. 17); some 
transform abdominal segments into thoracic type segments, bearing 
legs; and others have the reverse effect, transforming thoracic 
segments into ones of the abdominal type.!” 


8.6 The influence of other species 


Practical breeders of animals and plants noticed long ago that 
cultivated varieties from time to time produced offspring resembling 
the ancestral wild type. Moreover, when two distinct cultivated 
varieties were crossed, the characters of the offspring sometimes 
resembled neither of the parental types, but rather those of the 
wild ancestors. This phenomenon was referred to as ‘reversion’ or 
‘atavism’. !? 

In an evolutionary context certain kinds of morphological abnor- 
mality can likewise be thought of as reversions to patterns of 
development of more or less remote ancestral species. For instance, 
the abnormal formation of two pairs of wings in ‘bithorax’ mutants 
of Drosophila (Fig. 17) has been interpreted as a ‘throw back’ to the 
type of development characteristic of the four-winged ancestors of 
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the flies.'* Many more examples of putative atavisms can be found 
in the teratological literature.!° Of course such interpretations can 
only be speculative, but they are not necessarily far-fetched. 
Mutations or abnormal environmental factors could give rise to 
internal conditions within embryonic tissues which resembled those 
in ancestral types, with similar morphogenetic consequences. 

In most plants and animals, only a small proportion, perhaps less 
than five per cent, of the chromosomal DNA contains genes coding 
for the organisms’ proteins. The function of the great majority of 
the DNA is unknown. Some may play a part in the control of 
protein synthesis; some may have a structural role in the chromo- 
somes; and some may consist of ‘redundant’ ancestral genes which 
are no longer expressed. It has been suggested that if a mutation — 
for example due to a rearrangement of chromosome structure — 
led to the expression of such ‘latent’ genes, proteins characteristic 
of remote ancestors might suddenly be produced again, in some 
cases resulting in the reappearance of long-lost structures.'® 

In terms of the hypothesis of formative causation, if any such 
changes caused a morphogenetic germ to take up a structure and 
vibrational pattern similar to that of an ancestral species, it would 
come under the influence of a morphogenetic field of this species, 
even though it may have been extinct for millions of years. 
Moreover, this effect need not be confined to ancestral types. If as 
a result of mutation (or for any other reason) a germ structure in a 
developing organism became sufficiently similar to a morphogenetic 
germ in any other species, contemporary or extinct, it would ‘tune 
in’ to a chreode characteristic of this other species. And if the cells 
were capable of synthesizing appropriate proteins, the system would 
then actually develop under its influence. 

In the course of evolution, closely similar structures sometimes 
seem to have appeared quite independently in more or less distantly 
related lines. For example among the Mediterranean dryland snails, 
species belonging to well-differentiated genera, identifiable by their 
genitalia, have shells of nearly identical shape and structure; genera 
of fossil ammonites show the repeated parallel development of 
keeled and grooved shells; and similar or identical wing patterns 
occur in quite different families of butterfly.” 

If a mutation resulted in an organism ‘tuning in’ to another 
species’ chreodes and consequently developing structures 
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characteristic of that other species, it would soon be eliminated by 
natural selection if these structures reduced its chances of survival. 
On the other hand, if it were favoured by natural selection, the 
proportion of such organisms in the population would tend to 
increase. Indeed, the selection pressures which favoured its 
increase might well resemble those which favoured the original 
evolution of this particular character in the other species. And 
sometimes the structural resemblance might even be favoured for 
its own sake, precisely because it enabled the organism to mimic 
members of another species. Thus evolutionary parallelisms may 
often depend both on one species ‘picking up’ the morphogenetic 
fields of another, and also on parallel selection pressures. 

On the other hand, similar selection pressures could also lead to 
the convergent evolution of superficially similar structures in 
different species through the modification of different morphogen- 
etic fields. But in such cases, unless the structures closely 
resembled each other in internal detail as well as external shape, 
they would be unlikely to interact by morphic resonance. 


8.7 The origin of new forms 


According to the hypothesis of formative causation, morphic reson- 
ance and genetic inheritance together account for the repetition of 
characteristic patterns of morphogenesis in successive generations 
of plants and animals. Moreover, characteristics acquired in 
response to the environment can become hereditary through a 
combination of morphic resonance and genetic selection. The 
morphology of organisms can be changed through the suppression 
or repetition of chreodes; and some striking instances of parallel 
evolution can be attributed to the ‘transfer’ of chreodes from one 
species to another. 

However, neither the repetition, modification, addition, subtrac- 
tion nor permutation of existing morphogenetic fields can explain 
the origin of these fields themselves. Nevertheless, during the 
course of evolution, entirely new morphic units together with their 
morphogenetic fields must have come into being: those of the 
organelles; of the basic types of cells, tissues and organs; and of 
the fundamentally different kinds of lower and higher plants and 
animals. 
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Although genetic mutations and abnormal environments may 
well have provided the occasions for the first appearances of new 
biological morphic units, the forms of their morphogenetic fields 
could neither have been fully determined by energetic causation, 
nor by pre-existing formative causes (Section 5.1). It is a matter 
for conjecture whether any given morphogenetic field originated 
suddenly in one large ‘jump’ or more gradually through a series of 
smaller ‘jumps’. But in either case, the new forms taken up in 
these ‘jumps’ cannot be explained from within the framework of 
science in terms of preceding causes. 

The origin of new forms could be ascribed either to the creative 
activity of an agency pervading and transcending nature; or to a 
creative impetus immanent in nature; or to blind and purposeless 
chance. But a choice between these metaphysical possibilities could 
never be made on the basis of any empirically testable scientific 
hypothesis. Therefore from the point of view of natural science, 
the question of evolutionary creativity can only be left open. 
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9 
Movements and Motor Fields 


9.1 Introduction 


The discussion in the preceding chapters concerned the role of 
formative causation in morphogenesis. The subject of this and the 
following two chapters is the role of formative causation in the 
control of movement. ` 

Some of the movements of plants and animals are spontaneous; 
that is to say they take place in the absence of any particular 
stimulus from the environment. Other movements take place in 
response to environmental stimuli. Of course, organisms respond 
passively to gross physical forces — a tree may be blown over by the 
wind, or an animal may be carried away by a strong current of 
water — but many responses are active, and cannot be explained as 
gross physical or chemical effects of the stimuli on the organism as 
a whole: they reveal the organism’s sensitivity to the environment. 
This sensitivity generally depends on specialized receptors or sense 
organs. 

The physico-chemical basis of the excitation of these specialized 
receptors by stimuli from the environment has been worked out in 
considerable detail; so has the physiology of the nerve impulse; 
and so has the functioning of the muscles and other motor 
structures. But very little is known about the control and co- 
ordination of behaviour. 

In this chapter it is suggested that just as formative causation 
organizes morphogenesis through the probability structures of 
fields which impose pattern and order on energetically indetermi- 
nate processes, so it organizes movements, and hence behaviour. 
The similarities between morphogenesis and behaviour are not 
immediately obvious, but are easiest to understand in the case of 
plants and unicellular animals such as Amoeba, whose movements 
are essentially morphogenetic. These are considered first. 
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9.2 The movements of plants 


Plants generally move by growing.’ This fact becomes easier to- 
appreciate when they are seen on speeded-up films: shoots stretch 
out and curve towards the light; tap roots thrust downwards into 
the soil; and the tips of tendrils and climbing stems sweep out wide 
spirals in the air until they make contact with a solid support and 
coil around it.” 

The growth and development of plants takes place under the 
control of their morphogenetic fields, which give them their 
characteristic forms. But the orientation of this growth is deter- 
mined to a large extent by the directional stimuli of gravity and 
light. Environmental factors also influence the type of development: 
for example in dim light plants become etiolated; their shoots grow 
relatively rapidly in a spindly manner until they get into brighter 
light. 

Gravity is ‘sensed’ through its effects on starch grains, which 
roll downwards and accumulate in the lowest parts of the cells.’ 
The direction from which light is coming is detected by the 
differential absorption of radiant energy on the illuminated and 
shaded sides of organs by a yellow carotenoid pigment.* The 
sense of ‘touch’ by which climbing shoots and tendrils locate solid 
supports may involve the release of a simple chemical, ethylene, 
from the surface cells which are mechanically stimulated. The 
change-over from etiolated to normal growth depends on the 
absorption of light by a blue protein pigment called phytochrome.® 

The responses to these stimuli involve complicated physico- 
chemical changes within the cells and tissues, and in some cases 
depend on the differential distribution of hormones such as auxin. 
However, the reactions cannot be explained in terms of these 
physico-chemical changes alone, but can only be understood within 
the context of the plants’ overall morphogenetic fields. For example, 
owing to their inherent polarity, plants produce shoots at one end 
and roots at the other. The directional stimulus of gravity orients 
this polarized development so that the shoots grow upwards and 
the roots downwards. The action of the gravitational field on starch 
grains within the cells and consequent changes in hormonal 
distribution are indeed causes of these oriented growth movements, 
but cannot in themselves account for the pre-existing polarity; nor 
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for the fact that the main shoots and roots respond in exactly 
opposite senses; nor for the different habits of growth of trees, 
herbs, climbers and creepers; nor for the particular patterns of 
branching in the shoot and root systems of different species. All 
these characteristics depend on the morphogenetic fields. 

Although most of the movements of plants occur only in young 
growing organs, some structures retain the ability to move even 
when they are mature, for example flowers which open and close 
again daily, and leaves which fold up at night. These movements 
are influenced by the intensity of the light and other environmental 
factors; they are also under the control of a ‘physiological clock’ 
and continue to take place at approximately daily intervals even if 
the plants are placed in an unchanging environment.’ The leaves 
or petals open up because specialized cells in the ‘hinge’ region at 
their bases become turgid; they close when these cells lose water 
owing to changes in the permeability of their membranes to 
inorganic ions. The regaining of turgor is an active, energy- 
requiring process, comparable to growth. 

In addition to making ‘sleep’ movements, the leaves of some 
species move during the course of the day in response to the 
changing position of the sun. For example, in the pigeonpea, 
Cajanus cajan, the leaflets exposed to the sun are oriented approxi- 
mately parallel to the sun’s rays, exposing the minimum surface 
area to the intense tropical radiation. But leaves in the shade 
orient themselves at right angles to the incident radiation, thus 
intercepting the maximum amount of light. These responses 
depend on the direction and intensity of light falling on the 
specialized leaf-joints, the pulvini. Throughout the day the leaves 
and leaflets are continuously adjusting their positions as the sun 
moves across the sky. At night they take up their vertical ‘sleep’ 
positions: the pulvini are sensitive to gravity as well as light. 

In the ‘sensitive plant’, Mimosa pudica, the leaflets close up and 
the leaves point downwards at night, as they do in many other 
leguminous plants. But these movements also occur rapidly during 
the daytime in response to mechanical stimulation (Fig. 23). The 
stimulus causes a wave of electrical depolarization, similar to a 
nerve impulse, to pass down the leaf; if the stimulus is strong 
enough, the impulse spreads to other leaves, which also fold up.’ 
Similarly, in the Venus’ fly trap, Dionaea muscipula, mechanical 
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Figure 23 Leaves of the sensitive plant, Mimosa pudica. Left, 
unstimulated; right, stimulated. 


stimulation of the sensitive hairs on the surface of the leaf causes 
an electrical impulse to travel to the turgid ‘hinge’ cells, which 
rapidly lose water; the leaf closes like a trap around hapless insects, 
which are then digested.!® 

These movements of leaves and leaflets in response to light, 
gravity and mechanical stimulation are made possible by the fact 
that specialized cells are able to lose water and then ‘grow’ again; 
they consequently retain a simplified morphogenetic potential, 
while that of most other tissues is lost when they mature and cease 
to grow. The reversible movements of these specialized structures 
can be regarded as limiting cases of morphogenesis in which the 
changes of form have become stereotyped and repetitive. But 
their quasi-mechanistic simplicity is evolutionarily secondary, not 
primary; it has evolved from a background in which sensitivity to 
environmental stimuli is associated with the growth and morpho- 
genesis of the plant as a whole. 
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9.3 Amoeboid movement 


Amoebae move through the bulk flow of their cytoplasm into 
growing projections, the pseudopodia. They normally creep along 
the surface of solid objects by the continued extension of their 
front ends. But if these pseudopodia are touched, or if they 
encounter heat or strong solutions of various chemicals, they stop 
growing; others develop instead, and so the cells change course. If 
the new pseudopodia again encounter any potentially harmful 
stimuli, they too stop, and the amoebae move off in yet another 
direction. This system of ‘trial and error’ continues until they find 
a pathway without obstacles or unfavourable stimuli."! 

In free-floating amoebae not exposed to any particular directional 
stimulus, there is no consistent orientation of growth; pseudopodia 
keep developing in various directions until one of them comes into 
contact with a surface along which it can creep (Fig. 24). 

The extension of pseudopodia presumably occurs under the 
influence of a specific polarized morphogenetic field. The orien- 
tation in which new pseudopodia start to form may depend to a 
large extent on chance fluctuations within the cell; the virtual 
pseudopodia projected outwards from the cell-body are then 
actualized through the organization of contractile filaments and 
other structures within the cytoplasm. This process continues until 
the development of the pseudopodia is inhibited by stimuli from 
the environment, or by competition from pseudopodia growing in 
other directions. 

The fact that amoeboid movements depend on continuous 
morphogenetic processes is aptly indicated in the specific name of 


Figure 24 Method by which a floating amoeba passes to a solid surface. 
(After Jennings, 1906.) 
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Amoeba proteus by the allusion to the mythical sea-deity who kept 
changing from one shape to another. 

Amoebae feed by engulfing food particles, such as bacteria, by 
the process of phagocytosis: pseudopodia grow around the particle 
which is in contact with the surface of the cell; the membranes of 
the pseudopodia fuse together, and the particle is enclosed within 
the cell surrounded by a part of the cell membrane. Other 
membrane-bound vesicles containing digestive enzymes fuse with 
this phagocytotic vesicle and the food is digested. This type of 
morphogenesis is distinct from that of cellular locomotion and 
presumably takes place under the influence of a different morpho- 
genetic field, the orientation of which depends on the contact of 
the potential food particle with the membrane. This particle in 
contact with the membrane can be regarded as the morphogenetic 
germ; the final form is the particle engulfed within the cell. The 
chreode of phagocytosis leading to this final form is given by 
morphic resonance from all similar acts of phagocytosis by similar 
amoebae in the past. 


9.4 The repetitive morphogenesis of specialized structures 


The movements of most animals depend on the change of form of 
certain specialized structures, rather than of the body as a whole. 

Many unicellular organisms are propelled by the beating of 
whip-like outgrowths, the flagella or cilia, while the form of the 
rest of the cell remains more or less fixed (Fig. 25). These motile 
organelles contain long tubular elements very similar to cytoplasmic 
microtubules; the change of shape of proteins associated with the 
tubules generates a sliding shear force, resulting in the bending of 
the flagella or cilia.! 

In ciliates, the movements of the many individual cilia are co- 
ordinated in such a way that waves of beating pass over the surface 
of the cell. In some species, this co-ordination seems to depend on 
the mechanical influence of the cilia on their neighbours; and in 
others, on an excitatory system within the cell probably associated 
with fine fibrils connecting together the bases of the cilia.” 

If a swimming ciliate, for example Paramecium, meets with an 
unfavourable stimulus, the direction of ciliary beating is reversed: 
the organism backs away and then swims forward again in a new 


- 


The repetitive morphogenesis of specialized structures 161 


Flagellum 


Cilium 


Se 


k De EN AESA B 


Figure 25 A: A flagellate, Euglena gracilis. (After Raven et al., 1976.) 
B: A ciliate, Tetrahymena pyriformis. (After Mackinnon and Hawes, 1961.) 


direction.'* This avoidance reaction is probably triggered by the 
entry of calcium or other ions into the cell as a result of an 
alteration in membrane permeability brought about by the 
stimulus." 

The change of form of the beating flagella and.cilia, as well as 
the control of this beating, takes place in such a stereotyped, 
repetitive way that it seems almost machine-like. 

This quasi-mechanistic specialization of structure and function 
is taken still further in the multicellular animals. Entire cells and 
groups of cells are specialized to undergo a repeated, simplified 
morphogenesis in their cycles of contraction and relaxation; others 
have a specialized sensitivity to light, chemicals, pressure, vibration 
or other stimuli; and the nerves, with their enormously elongated 
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axons, are specialized to conduct electrical impulses from place to 
place, linking the sense organs and the muscles to the nerve net or 
central nervous system. 


9.5 Nervous systems 


Just as the beating of the individual cilia on the surface of a ciliate 
is co-ordinated with that of neighbouring cilia through definite 
physical connections, so the contraction of individual muscle cells 
is co-ordinated by means of deterministic impulses passing through 
the nerves. When several neighbouring cells are activated by a 
single nerve, they can be caused to contract simultaneously. And 
when the activity of this nerve is part of a higher-level system of 
control, the contraction of different groups of cells can be co- 
ordinated in a rhythmical manner, as it is in a muscle which 
maintains its tension over a period of time. Then yet higher-level 
_ systems control repetitive cycles of contraction in different muscles, 
for example in the legs of an animal as it runs. Thus the 
hierarchically organized activities of the nervous system permit 
degrees of co-ordination which would be impossible if the fields 
controlling the movements of organisms acted directly on the 
muscle cells. 

But although on the one hand nerves function deterministically 
in the transmission of definite ‘all or none’ impulses from one 
place to another, on the other hand formative causation would not 
be able to control animals’ movements through the nervous system 
unless the activity of the nerves was at the same time inherently 
probabilistic. And in fact it is. 

The firing of nerve impulses depends on changes in the per- 
meability of the membranes of nerve cells to inorganic ions, in 
particular sodium and potassium. These changes can be brought 
about either by electrical stimulation, or by specific chemical 
transmitters (e.g. acetylcholine) released from nerve endings at 
synaptic junctions (Fig. 26). The excitation of nerves by electrical 
stimuli around the threshold level has long been known to take 
place probabilistically.'° The main reason for this is that the 
electrical potential across the membrane fluctuates in a random 
manner.'’ Moreover, the changes in- post-synaptic membrane 
potentials caused by chemical transmitters also show random 
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Figure 26 Part of a nerve cell, with numerous synapses on its surface. 
The inset shows an individual synapse in more detail. Pre SM=pre- 
synaptic membrane; Post SM=post-synaptic membrane. (Based on Krstić, 
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fluctuations,'* which seem to be due to the probabilistic opening 
and closing of ionic ‘channels’ across the membrane.!® 

Not only is there an inherent probabilism in the responses of 
post-synaptic membranes to chemical transmitters, but also in the 
release of the transmitters from the pre-synaptic nerve endings. 
Transmitter molecules are stored in numerous microscopic vesicles 
(Fig. 26), and are released into the synaptic cleft when these vesicles 
fuse with the membrane. This process occurs spontaneously at 
random intervals, giving rise to discharges of so-called miniature 
end-plate potentials. The rate of secretion is greatly increased 
when an impulse arrives at the nerve ending, but here again the 
fusion of the vesicles with the membrane takes place probabilis- 
tically.”° | 

Within the brain, a typical nerve cell has thousands of fine 
thread-like projections that end in synaptic junctions on other nerve 
cells; and, conversely, projections from hundreds or thousands of 
other nerve cells end in synapses on its own surface (Fig. 26). 
Some of these nerve endings release excitatory transmitters that 
tend to promote the firing of an impulse; others are inhibitory and 
reduce the tendency of the nerve to fire. The triggering of impulses 
in fact depends on a balance of excitatory and inhibitory influences 
from hundreds of synapses. It seems likely that, at any given time, 
in many of the nerve cells in the brain this balance is poised so 
critically that firing either occurs or does not occur as a result of 
probabilistic fluctuations within the cell membranes or synapses. 

Thus the deterministic propagation of nerve impulses from place 
to place within the body is combined with a high degree of. 
indeterminism within the central nervous system, which, on the 
present hypothesis, is ordered and patterned by formative 
causation. 


9.6 Morphogenetic fields and motor fields 


Although the fields controlling the changes of form of the special- 
ized motor structures of animals are in fact morphogenetic fields, 
they bring about movements rather than net changes of form. For 
this reason it seems preferable to refer to them as motor fields. 
(The word ‘motor’ is used here as the adjective of the noun 
‘motion’.) Motor fields, like morphogenetic fields, depend on 
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morphic resonance from previous similar systems and are con- 
cerned with the actualization of virtual forms. Canalized pathways 
towards a final form or state can be referred to as chreodes in the 
context of motor fields just as they can in the context of morphogen- 
etic fields. 

Motor fields, like morphogenetic fields, are hierarchically organ- 
ized, and are in general related to development, survival or 
reproduction. Whereas in plants these processes are almost entirely 
morphogenetic, in animals they also depend on movement. Indeed, 
in most animals even the maintenance of the normal functions of 
the body involves continual movement of internal organs such as 
the gut, the heart, and the breathing system. 

Unlike plants, animals need to feed on other living organisms in 
order to develop and maintain their forms. Hence an important 
general motor field in all animals is that of feeding. This controls 
subsidiary fields responsible for finding, securing and eating the 
plants or animals which serve as food. Some animals are sedentary 
and cause food to move towards them in water currents; some 
simply move around until they find plants they can eat; some stalk 
and hunt other animals; some make traps to catch their prey; some 
are parasitic; others are scavengers; and so on. All these methods 
of feeding depend on hierarchies of specific chreodes. 

Another fundamental type of motor field is concerned with the 
avoidance of unfavourable conditions. Amoeba and Paramecium 
show the simplest type of reaction: backing or turning away from 
the unfavourable stimulus and setting off in some other direction. 
Sedentary animals such as Stentor and Hydra react to mildly 
unfavourable stimuli by contracting their bodies, but in response to 
more severe stimuli they move away and settle down somewhere 
else. In addition to general avoidance reactions, many animals also 
exhibit special types of behaviour which help them to escape from 
predators; for example they may run away swiftly, or stand their 
ground and somehow frighten the predator, or ‘freeze’ in such a 
way that they are less easily seen. 

The overall fields of development and survival have as their final 
form the fully-grown animal under optimal conditions. Whenever 
this state is reached, there is no need for the animal to do anything 
in particular; but deviations from this state bring the animal under 
the influence of the various motor fields directed towards its 
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restoration. In fact, such deviations are frequent: the animal’s 
continuous metabolism depletes its reserves of food; changes in the 
environment expose it to unfavourable conditions; and predators 
approach it unpredictably. These and other changes are detected 
by the sensory structures and result in characteristic modifications 
of the nervous system, which then becomes the germ structure for 
particular motor fields. 

The final form of the overall field of reproduction is the 
establishment of viable progeny. In unicellular organisms, and in 
simple multicellular animals such as Hydra this is achieved by a 
morphogenetic process: the organisms divide into two, or ‘bud off 
new individuals. Likewise, primitive methods of sexual repro- 
duction are essentially morphogenetic: many lower animals (e.g. 
sea-urchins) as well as lower plants (e.g. the seaweed Fucus) simply 
release millions of ova and sperm cells into the water around them. 

In more advanced animals, the sperms are released not at 
random, but in the vicinity of the ova, as a result of specialized 
mating behaviour. Thus the overall field of reproduction comes to 
cover the motor fields of searching for a mate, of courtship, and of 
copulation. Organisms may come under the influence of the first 
motor field in the sequence as a result of internal physiological 
changes mediated by hormones, as well as olfactory, visual or other 
stimuli from potential mates. The end-point of the first field 
constitutes the germ for the second, and so on: searching for a 
mate is followed by courtship which, if successful, leads to the 
starting point of the copulation chreode. In the simplest cases, the 
final form of the whole sequence is for the male ejaculation, and 
for the female the laying of eggs. In many aquatic organisms they 
are simply released into the water, but in land animals the 
deposition of eggs often involves complex and highly specific 
patterns of behaviour; for example, ichneumon flies inject their 
eggs into caterpillars of definite species, inside which the larvae 
develop parasitically, and potter wasps make small ‘pots’ in which 
they place paralysed prey before laying their eggs upon the prey 
and sealing the ‘pots’. 

In some viviparous species the young are simply released and 
abandoned at birth. But when the young are cared for after they 
are born or hatched, a new range of motor fields comes into play, 
still under the overall field of reproduction of the parents, but at 
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the same time serving the field of development and survival of the 
young. Consequently, the behaviour of the animals takes on a 
social dimension. In the simplest cases the societies are temporary 
and disintegrate when the offspring become independent; in others 
they persist with a consequent increase in the complexity of 
behaviour. Special motor fields control the various types of com- 
munication between individuals, and the differentiated tasks which 
different individuals perform. 

In the extraordinarily complex societies of the termites, ants and 
social bees and wasps, individuals of similar or identical genetic 
constitutions perform quite different tasks, and even the same 
individual may play different roles at different times — for example 
a young worker bee may first clean the hive, then after a few days 
act as a brood nurse, then help build the honey combs, then 
receive and store pollen, then guard the hive, and finally go out 
foraging.”’ Each of these roles must be covered by a higher-level 
motor field, which in turn controls the lower-level chreodes 
involved in the particular specialized tasks. Changes in the insect’s 
nervous system must bring it under the influence of one or other 
of these higher-level fields by causing it to enter into morphic 
resonance with previous workers which filled that particular role. 
Such changes depend to some extent on alterations in the physi- 
ology of the insect as it grows older, but they are also strongly 
influenced by external stimuli: the roles of individuals change in 
response to disturbances of the hive or society; the whole system 
regulates. 

The higher-level motor fields of feeding, avoidance, repro- 
duction, etc. generally control a series of lower-level fields which 
act in sequence, the final form of one providing the germ structure 
for the next. Motor fields still lower in the hierarchy often act in 
cycles to give repetitive movements, such as those of the legs in 
walking, the wings in flying, and the jaws in chewing. At the lowest 
level are those fields concerned with the detailed control of the 
contraction of the cells within the muscles. 

The higher-level motor fields embrace not only the sense organs, 
the nervous system and the muscles, but also objects outside the 
animal. Consider, for example, the motor field of feeding. The 
overall process — the capture and ingestion of food — is in fact a 
special type of aggregative morphogenesis (cf. Section 4.1). The 
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hungry animal is the germ structure and enters into morphic 
resonance with previous final forms of this motor field, namely 
similar past animals, including itself, in a well-fed state. In the case 
of a predator, the achievement of this final form depends on the 
capture and ingestion of prey. The motor field of capture projects 
into the space around the animal, and includes within it the virtual 
form of the prey (cf. Fig. 11). This virtual form is actualized when 
an entity corresponding sufficiently closely to it nears the predator: 
the prey is recognized, and the capture chreode initiated. Theoreti- 
cally, the motor field could affect probabilistic events in any or all 
of the systems it embraces, including the sense organs, muscles 
and prey itself. But in most cases its influence seems likely to be 
confined to the modification of probabilistic events in the central 
nervous system, directing the movements of the animal towards 
the achievement of the final form, in this case the capture of the 


prey. 


9.7 Motor fields and the senses 


By morphic resonance, an animal comes under the influence of 
specific motor fields as a result of its characteristic structure and 
internal patterns of oscillatory activity. These patterns are modified 
by changes arising within the body of the animal, and by influences 
from the environment. 

If different stimuli brought about the same changes within the 
animal, then the same motor fields would come into play. This is 


_ what seems to happen in unicellular organisms which give the 


same avoidance reaction to a wide variety of physical and chemical 
stimuli: probably all of them have similar effects on the physico- 
chemical state of the cell, for example by modifying the permeability 
of the cell membrane to calcium or other ions. 
In simple multicellular animals with relatively little sensory 
specialization, the range of reactions to stimuli is not much greater 
than in unicellular organisms. Hydra, for instance, shows the same 
avoidance reactions to many different physical and chemical stimuli, 
and responds to objects such as food particles only as a result of 
mechanical contact. However, as in certain unicellular organisms, 
its response to solid objects is modified by chemical stimuli. This 
can be demonstrated by a simple experiment: if small pieces of 
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filter paper are supplied to the tentacles of a hungry Hydra, they 
evoke no reaction; but if they are first soaked in meat-juice, 
the tentacles carry them towards the mouth, where they are 
swallowed.” 

By contrast, animals possessing image-forming eyes can sense 
objects while they are still some distance away; consequently, the 
motor fields project far further outwards into the environment; the 
range and scope of the animals’ behaviour is greatly increased. 
Similarly, the sense of hearing enables distant objects to be 
detected and hence permits an extension of the spatial range of the 
motor fields even into regions which cannot be seen. In some 
animals, most notably bats, this sense has replaced sight as the 
basis of the extended motor fields. And in a few aquatic species, 
such as the Mormyrid and Gymnotid electric fish, specialized 
receptors detect changes in the electric field set up around 
themselves by pulses from their electric organs; this sense enables 
them to locate prey and other objects in the muddy tropical rivers 
in which they live. 

As animals move, the sensory stimuli arising both within their 
bodies and from the environment change as a consequence of their 
own movements. This continuous feedback plays an essential part 
in the co-ordination of movements by their motor fields. 

Motor fields, like morphogenetic fields, are probability structures 
which become associated by morphic resonance with physical 
systems on the basis of their three-dimensional patterns of oscil- 
lation. It is therefore of fundamental significance that all sensory 
inputs are translated into spatio-temporal patterns of activity within 

the nervous system. In the sense of touch the stimuli act on 
particular parts of the body, which through specific nervous 
pathways are ‘mapped’ within the brain; in vision, images falling on 
the retina bring about spatially patterned changes in the optic 
nerves and visual cortex; and although olfactory, gustatory and 
auditory stimuli are not directly spatial, the nerves they excite 
through the relevant sense-organs have specific locations, and the 
impulses travelling along these nerves into the central nervous 
system set up characteristic patterns of excitation. 

Thus particular stimuli and combinations of stimuli have charac- 
teristic spatio-temporal effects. These dynamic patterns of activity 
bring the nervous system into morphic resonance with similar past 
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nervous systems in similar states, and hence under the influence of 
particular motor fields. 


9.8 Regulation and regeneration 


Motor fields, like morphogenetic fields, lead the systems under 
their influence towards characteristic final forms. They usually do 
so by initiating a series of movements in a definite sequence. The 
intermediate stages are stabilized by morphic resonance; in other 
words, they are chreodes. But chreodes simply represent the most 
probable pathways towards final forms. If the normal pathway is 
blocked, or if the system is deflected from it for any reason, the 
same final form may be reached in a different way: the system 
regulates (Section 4.1). Many, but not all, morphogenetic systems 
are capable of regulation; and so are motor systems. 

Regulation occurs under the influence of motor fields at all 
levels in the hierarchy: for example if a few muscles or nerves in a 
dog’s leg are damaged, the pattern of contraction in the other 
muscles adjusts so that the limb functions normally. If the leg is 
amputated, the movements of the remaining legs change in such a 
way that the dog can still walk, although with a limp. If parts of its 
cerebral cortex are damaged, after some time it recovers more or 
less completely. If it is blinded, its ability to move around gradually 
improves as it comes to rely more on its remaining senses. And if 
its normal route towards its home, its food or its puppies is 
blocked, it changes its habitual sequence of movements until it 
finds a new way to reach its goal. 

The behavioural equivalent of regeneration occurs when the 
final form of a chreode has been actualized, but is then disrupted: 
think, for instance, of a cat which has caught a mouse, the end- 
point of the capture chreode. If the mouse escapes from its 
clutches, then the cat’s movements are directed towards re- 
capturing it. 

Out of all the examples of ‘behavioural regeneration’, the 
homology with morphogenetic regeneration is shown most clearly 
in ‘morphogenetic behaviour’, concerned with the making of 
characteristic structures. In some cases animals mend these struc- 
tures after they have been damaged. For example, potter wasps 
have been observed to fill in holes made by the experimenter in 
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the walls of their pots, sometimes by means of actions that are 
never normally performed when the pots are being constructed.” 
And termites repair damage to their galleries and nests through 
the co-operative and co-ordinated activities of many individual 
insects.”* 

Activities such as these have sometimes been interpreted as 
evidence of intelligence, on the ground that animals behaving in a 
rigidly fixed instinctive manner would not be able to respond so 
flexibly to unusual situations.” But by the same token, regulating 
sea-urchin embryos and regenerating flatworms could also be said 
to exhibit intelligence. However, this extension of psychological 
terminology would be more confusing than helpful. From the point 
of view of the hypothesis of formative causation, the similarities 
can be recognized but interpreted the other way around. Seen 
against the background of morphogenetic regulation and regener- 
ation, the ability of animals to reach behavioural goals in unusual 
ways raises no fundamentally new principles. And when, in higher 
animals, certain types of behaviour no longer follow standard 
chreodes — when behavioural regulation becomes, as it were, the 
rule rather than the exception — this flexibility can be seen as an 
extension of the possibilities inherent in morphogenetic and motor 
fields by their very nature. 
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10 
Instinct and Learning 


10.1 The influence of past actions 


Motor fields, like morphogenetic fields, are given by morphic 
resonance from previous similar systems. The detailed structure of 
an animal and the patterns of oscillatory activity within its nervous 
system will generally resemble itself more closely than any other 
animal. Thus the most specific morphic resonance acting upon it 
will be that from its own past (cf. Section 6.5). The next most 
specific resonance will come from genetically similar animals which 
lived in the same environment, and the least specific from animals 
of other races living in different environments. In the valley model 
of the chreode (Fig. 5), the latter will stabilize the general out- 
line of the valley, while the more specific resonance will determine 
the detailed topology of the valley bottom. 

The ‘contours’ of the chreodic valley depend on the degree of 
similarity between the behaviour of similar animals of the same race 
or species. If their patterns of movement show little variation, mor- 
phic resonance will give rise to deep and narrow chreodes, rep- 
resented by steep-walled valleys (Fig. 27 A). These will have a 
strongly canalizing effect on the behaviour of subsequent individuals, 


Figure 27 Diagrammatic representation of a deeply canalized chreode 
(A), and a chreode which is weakly canalized in the initial stages (B). 


174 Instinct and Learning 


which will therefore tend to behave in very similar ways. Stereotyped 
patterns of movement brought about by such chreodes at lower levels 
appear as reflexes, and at higher levels as instincts. 

On the other hand, if similar animals reach the final forms of 
their motor fields by different patterns of movement, the chreodes 
will not be so well defined (Fig. 27 B); there will therefore be 
more scope for individual differences in behaviour. But once a 
particular animal has reached the behavioural goal in its own way, 
its subsequent behaviour will tend to be canalized in the same way 
by morphic resonance from its own past states; and the more often 
these actions are repeated, the stronger will this canalization 
become. Such characteristic individual chreodes reveal themselves 
as habits. 

Thus, from the point of view of the hypothesis of formative 
causation, there is only a difference of degree between instincts 
and habits: both depend on morphic resonance, the former from 
countless previous individuals of the same species, and the latter 
mainly from past states of the same individual. 

This is not to say that reflexes and instincts do not depend on a 
very specifically patterned morphogenesis of the nervous system. 
Obviously they do. Nor is it to say that during processes of learning 
no physical or chemical changes occur in the nervous system which 
facilitate the repetition of a pattern of movement. Perhaps in simple 
nervous systems carrying out stereotyped functions, the potential 
for such changes may already be ‘built in’ to the ‘wiring’ in such a 
way that learning occurs quasi-mechanistically. For example in the 
snail Aplysia the structure of the nervous system has been found to 
be almost identical in different individuals, down to the fine 
details of the arrangement of excitatory and inhibitory synapses on 
particular cells. Very simple types of learning occur in connection 
with the reflex withdrawal of the gill into the mantle cavity, namely 
habituation to harmless stimuli, and sensitization to harmful ones; 
as they do so, the activities of particular excitatory and inhibitory 
synapses acting on individual nerve cells alter in definite ways.' Of 
course, the mere description of these processes does not in itself 
reveal the reasons for the alterations; these are at present a 
matter for conjecture. One suggestion is that the modifications are 
chemical, perhaps involving changes in the phosphorylation of 
proteins.” But how is this detailed specialization of structure and 
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function in the nerves and synapses established in the first place? 
The problem is shifted over to the realm of morphogenesis. 

The nervous systems of higher animals are much more variable 
from individual to individual than in invertebrates such as Aplysia, 
and far more complicated. Very little is known about the way in 
which learned patterns of behaviour are retained,’ but enough has 
been found out to make it clear that there can be no simple 
explanation in terms of specifically localized physical or chemical 
‘traces’ within the nervous tissue. 

Numerous investigations have shown that in mammals learned 
habits often persist after extensive damage to the cerebral cortex or 
to sub-cortical regions of the brain. Moreover, when loss of 
memory does occur, it is not closely related to the location of 
the lesions, but rather to the total amount of tissue destroyed. 
K.S. Lashley summed up the results of hundreds of experiments 
as follows: 


‘It is not possible to demonstrate the isolated localization of a memory 
trace anywhere within the nervous system. Limited regions may be 
essential for learning or retention of a particular activity, but within such 
regions the parts are functionally equivalent.”* 


A similar phenomenon has been demonstrated in an invertebrate, 
the octopus: observations on the survival of learned habits after 
destruction of various parts of the vertical lobe of the brain have 
led to the seemingly paradoxical conclusion that ‘memory is both 
everywhere and nowhere in particular’. 

These findings are extremely puzzling from a mechanistic point 
of view. In an attempt to account for them, it has been suggested 
that memory ‘traces’ are somehow distributed within the brain in a 
manner analogous to the storage of information in the form of 
interference patterns in a hologram.® But this remains no more 
than a vague speculation. 

The hypothesis of formative causation provides an alternative 
interpretation, in the light of which the persistence of learned 
habits in spite of damage to the brain is far less puzzling: the 
habits depend on motor fields which are not stored within the 
brain at all, but are given directly from its past states by morphic 
resonance. 

Some of the implications of the hypothesis of formative causation 
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in relation to instinct and learning are considered in the following 
sections; and in Chapter 11 ways are suggested in which predictions 
deduced from this hypothesis could be distinguished from those of 
the mechanistic theory by experiment. 


10.2 Instinct 


In all animals certain patterns of motor activity are inborn rather 
than learned. The most fundamental are those of the internal 
organs, such as the heart and gut, but many of the patterns of 
movement of limbs, wings and other motor structures are also 
innate. This is most clearly apparent when animals are able to 
move around competently almost as soon as they are born or 
hatched. 

It is not always easy to make the distinction between inborn 
and learned behaviour. In general, characteristic behaviour which 
develops in young animals reared in isolation can usually be 
regarded as innate; on the other hand, behaviour which appears 
only when they are in contact with other members of their species 
may also be innate, but require stimuli from the other animals for 
its expression. 

Studies of the instinctive behaviour of a wide range of animals 
have led to several general conclusions, which constitute the 
classical concepts of ethology.” These can be summarized as 
follows: 


(i) Instincts are organized in a hierarchy of ‘systems’ or ‘centres’ 
superimposed upon one another. Each level is primarily activated 
by a system at the level above it. The highest centre of each of the 
major instincts may be influenced by a number of factors including 
hormones, sensory stimuli from the viscera of the animal, and 
stimuli from the environment. 


(ii) The behaviour which occurs under the influence of the major 
instincts often consists of chains of more or less stereotyped 
patterns of behaviour called fixed action patterns. When such a fixed 
action pattern constitutes the end-point of a major or minor 
chain of instinctive behaviour it is called a consummatory act. The 
behaviour in the earlier part of an instinctive chain of behaviour, 


= 


e.g. searching for food, may be more flexible, and is usually called 
appetitive behaviour. 
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(iii) Each system requires a specific stimulus in order to be 
activated or released. This stimulus or releaser may come from 
within the animal’s body, or from the environment. In the latter 
case it is often referred to as a sign stimulus. A given releaser or 
sign stimulus is presumed to act on a specific neuro-sensory 
mechanism called the innate releasing mechanism, which releases the 
reaction. 


These concepts harmonize remarkably well with the ideas of 
motor fields developed in the previous chapter. The fixed action 
patterns can be understood in terms of chreodes, and the innate 
releasing mechanisms as the germ structures of the appropriate 
motor fields. 


10.3 Sign stimuli 


The instinctive responses of animals to sign stimuli show that they 
somehow abstract certain specific and repeatable features from 
their environments: 


‘An animal responds “blindly” to only part of the total environmental 
situation and neglects other parts, although its sense organs are perfectly 
able to receive them ... These effective stimuli can easily be found by 
testing the response to various situations differing in one or other of the 
possible stimuli. Moreover, even when a sense organ is involved in 
releasing a reaction, only part of the stimuli that it can receive are actually 
effective. As a rule, an instinctive reaction responds to only very few 
stimuli, and the greater part of the environment has little or no influence, 
even though the animal may have the sensory equipment for receiving 
numerous details.’ (N. Tinbergen.*) 


The following examples’ illustrate these principles: 

The aggressive reaction of the male stickleback fish during the 
breeding season to other male sticklebacks is released mainly by 
the sign stimulus of the red belly: models with very crude shapes 
but with red bellies are attacked much more than models with the 
correct shape but no red coloration. Similar results have been 
obtained in experiments with the red-breasted robin: a territory- 
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holding male threatens very approximate models with red breasts, 
or even a mere bundle of red feathers, but responds much less to 
accurate models without red breasts. 

Young ducks and geese react instinctively to the approach of 
birds of prey, in a manner that depends on the shape of the bird in 
flight. Studies with cardboard models have shown that the most 
important feature is a short neck — characteristic of hawks and 
other predatory birds — while the size and shape of the wings and 
tails are relatively unimportant. 

In certain moths, the sex odour or pheromone normally produced 
by females causes males to attempt to copulate with any object 
bearing it. 

In locusts of the species Ephippiger ephippiger, males attract 
females which are willing to mate by their song. Females are 
attracted to singing males from a considerable distance, but ignore 
silent males even when quite near. Males that are silenced by 
glueing their wings together are incapable of attracting females. 

Hens come to the rescue of chicks in response to their distress 
call, but not if they simply see them in distress, for example behind 
a soundproof glass barrier. 

According to the hypothesis of formative causation, recognition 
of these sign stimuli must depend on morphic resonance from 
previous similar animals exposed to similar stimuli. Owing to the 
process of automatic averaging, this resonance will emphasize only 
the common features of the spatio-temporal patterns of activity 
brought about by these stimuli in the nervous system. The result 
will be that only certain specific stimuli are abstracted from the 
environment, while others are ignored. Consider, for example, the 
stimuli acting on hens whose chicks are in distress. Imagine a 
collection of photographs taken of chicks in distress on many 
different occasions. Those taken at night will show nothing; those 
in the daytime will show chicks of different sizes and shapes seen 
from the front, the rear, the side, or from above; moreover they 
may be near to other objects of all shapes and sizes, or even 
concealed behind them. Now if the negatives of all these photo- 
graphs are superimposed to produce a composite image, no features 
whatever will be reinforced; the result will simply be a blur. By 
contrast, imagine a series of tape-recordings made at the same 
time the photographs were taken. All bear the record of distress 


A 


Learning 179 


calls, and if these sounds are superimposed they reinforce each 
other to give an automatically averaged distress call. This superim- 
position of photographs and tape-recordings is analogous to the 
effects of morphic resonance from the nervous systems of previous 
hens on a subsequent hen exposed to stimuli from a chick in 
distress: the visual stimuli result in no specific resonance and 
evoke no instinctive reaction, however pathetic the chick may look 
to a human observer, whereas the auditory stimuli do. 

This example serves to illustrate what seems to be a general 
principle: shapes are very often ineffective as sign stimuli. The 
probable reason is that they are highly variable because they 
depend on the angle from which things are seen. By contrast, 
colours are much less critically dependent on viewpoint, and 
sounds and odours hardly at all. Significantly, colours, sounds and 
odours play important roles as releasers of instinctive reactions; 
and in those cases where shapes are effective, there is a certain 
constancy of view-point. For example, young birds on the ground 
see predators flying above them in silhouette, and do indeed 
respond to such shapes. And when shapes or patterns serve as 
sexual sign stimuli, they do so in courtship displays or ‘presen- 
tations’ in which animals take up definite stances or postures in 
relation to their potential mates. The same is true of displays of 
submission and aggression. 


10.4 Learning 


Learning can be said to occur when there is any relatively 
permanent adaptive change in behaviour as a result of past 
experience. Four general categories can be distinguished: ?° 


(i) The most universal type, found even in unicellular organisms," 
is habituation, which can be defined as the waning of a response as 
a result of repeated stimulation which is not followed by any kind 
of reinforcement. A common example is the fading of alarm or 
avoidance responses to new stimuli which turn out to be harmless: 
animals get used to them. 

This phenomenon implies the existence of some sort of memory, 
which enables the stimuli to be recognized when they recur. On 
the hypothesis of formative causation this recognition is primarily - 
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due to the morphic resonance of the organism with its own past 
states, including those brought about by new sensory stimuli. This 
resonance serves to maintain, and indeed define, the identity of the 
organism with itself in the past (Section 6.5). Repeated stimuli 
from the environment to which responses are not reinforced 
will effectively become part of the organism’s own ‘background’. 
Conversely, any new features of the environment will stand out 
because they are not so recognized: usually the animal will respond 
with avoidance or alarm precisely because the stimuli are 
unfamiliar. 

In the case of certain stereotyped responses, such as the with- 
drawal reflex of the gill in the snail Aplysia, habituation may 
occur in a quasi-mechanistic manner on the basis of pre-existing 
structural and biochemical specializations in the nervous system 
(Section 10.1). But if so, this specialization is secondary, and seems 
likely to have evolved from a situation in which habituation 
depended more directly on morphic resonance. 


(ii) In all animals, innate patterns of motor activity appear as the 
individuals grow up. While some are carried out perfectly the first 
time they are performed, others improve with time. A young bird’s 
first attempts to fly, for example, or a young mammal’s first 
attempts to walk may be only partially successful, but they get 
better after repeated attempts. Not all such improvement is due to 
practice: in some cases it is simply a matter of maturation and 
occurs just as much with the passage of time in animals which 
have been immobilized.'* Nevertheless, many types of motor skill 
do improve in a way that cannot be attributed to maturation. 

From the point of view of the hypothesis of formative causation, 
this type of learning can be interpreted in terms of behavioural 
regulation. Morphic resonance from countless past members of 
the species gives an automatically averaged chreode, which governs 
an animal’s first attempts to carry out a particular innate pattern of 
movement. This standard chreode may give only approximately 
satisfactory results, for example because of deviations from the 
norm in the animal’s sense organs, nervous system or motor 
structures. As the movements are performed, regulation will spon- 
taneously bring about ‘fine adjustments’ to the overall chreode, 
and to the lower-level chreodes under its control. These ‘adjusted’ 
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chreodes will be stabilized by morphic resonance with the animal’s 
own past states as the pattern of behaviour is repeated. 


(iii) Animals may come to respond to a stimulus with a reaction 
which is normally evoked by a different stimulus. This type of 
learning occurs when the new stimulus is applied at the same time 
as, or immediately before, the original one. The classical examples 
are the ‘conditioned reflexes’ established by I.P. Pavlov in dogs. 
For instance, the dogs salivated when they were presented with 
food. On repeated occasions a bell was rung as the food was 
presented, and after some time they began to salivate at the sound 
of the bell even in the absence of food. 

An extreme example of this type of learning occurs in the 
‘imprinting’ of young birds, especially ducklings and goslings. Soon 
after hatching, they respond instinctively to any reasonably large 
moving object by following it. Normally this is their mother; but 
they will also follow foster mothers, human beings, or even 
inanimate objects which are dragged in front of them. After a 
relatively short time, they come to recognize the general features of 
the moving object, and later the specific features. The response of 
following is then elicited only by the particular bird, person or 
object with which they have become imprinted. 

Analogously, animals often learn to recognize the individual 
features of their mates or their young by sight, sound, smell or 
touch. This recognition takes time to develop: for example, a pair 
of coots with newly-hatched chicks will feed and even adopt 
strange chicks similar in appearance to their own; but when their 
young are about two weeks old, they recognize them individually, 
and henceforth tolerate no strangers, however similar.’ 

A comparable process is probably responsible for the recognition 
of particular places, such as nest sites, by means of landmarks and 
other features associated with them. Indeed this type of learning 
seems likely to play an important part in the development of visual 
recognition in general. Since the stimuli from an object differ 
according to the angle from which it is viewed, the animal must 
learn that they are all connected with the same thing. Likewise, the 
associations between different kinds of sensory stimulus from the 
same object — visual, auditory, olfactory, gustatory and tactile — 
usually have to be learned. 
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When the new stimulus and the original stimulus occur simul- 
taneously, it might at first sight seem likely that the different 
patterns of physico-chemical change they bring about in the brain 
gradually become linked with each other as a result of frequent 
repetition. But two difficulties stand in the way of this apparently 
simple interpretation. First, the new stimulus might not be simul- 
taneous with the usual one, but precede it. In this case, it seems 
necessary to suppose that the influence of the stimulus persists for 
a while, so that it is still present when the usual stimulus occurs. 
This kind of memory can be thought of by analogy with an echo 
that gradually dies away. The existence of such a short-term 
memory has in fact been demonstrated empirically;!* it could 
conceivably be explicable in terms of reverberating circuits of 
electrical activity within the brain." 

Second, associative learning seems to involve definite discontinu- 
ities: it occurs in steps, or stages. This may be because the 
linkage between the new and the original stimulus involves the 
establishment of a new motor field: the field responsible for 
the original response must somehow be enlarged to incorporate 
the new stimulus. In effect, a synthesis occurs in which a new motor 
unit comes into being. And a new unit cannot emerge gradually, 
but only by a sudden ‘quantum jump’ (or by several successive 
‘jumps’). 


(iv) As well as learning to respond to a particular stimulus after 
they have received it, animals may also learn to behave in such a 
way that they reach a goal as a result of their activities. In the 
language of the Behaviourist school, in this ‘operant conditioning’ 
the response ‘emitted’ by the animal precedes the reinforcing 
stimulus. The classical examples are provided by rats in ‘Skinner 
boxes’. These boxes contain a lever which, when pressed, releases 
a pellet of food. After repeated trials, rats learn to associate the 
pressing of the lever with the reward. Similarly, they can learn to 
press a lever in order to avoid the painful stimulus of an electric 
shock. 

The association of a particular pattern of movement with a 
reward or with the avoidance of punishment usually seems to 
happen as a result of trial and error. But intelligence of an 
altogether higher order has been demonstrated in primates, 
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especially chimpanzees. In some well-known experiments conduc- 
ted over fifty years ago, W. Kohler found that these apes were 
capable of solving problems in an ‘insightful’ way.'!® For example, 
chimpanzees were placed in a high chamber with unclimbable 
walls, from the ceiling of which hung a bunch of ripe bananas, too 
high for them to reach. After a number of attempts to get the fruit 
by standing on their hind legs and by jumping, they gave up this 
approach. After a while, one or other of the apes would glance first 
at one of a number of wooden boxes which had been placed in the 
chamber at the beginning of the experiment, and then at the 
bananas. He would then drag the box underneath them and stand 
on it. This did not bring him high enough, so he fetched another 
box and put it on top of the first, but it was still not high enough; 
he then added a third, climbed up, and grabbed the fruit. 

Many more examples of insightful behaviour have been demon- 
strated by subsequent investigators: in one experiment, for instance, 
chimpanzees learned to use sticks to rake in food placed outside 
the cages beyond their reach. They did this sooner if they had 
been allowed to play with the sticks for several days beforehand; 
during this period they came to use the sticks as functional 
extensions of their arms. Thus the use of the sticks to rake in the 
food represented ‘the integration of motor components acquired 
during earlier experience into new and appropriate behaviour 
patterns’. 

In both ‘trial and error’ and ‘insight’ learning, existing chreodes 
are integrated within new higher-level motor fields. These syn- 
theses can only come about by sudden ‘jumps’. If the new patterns 
of behaviour are successful, they will tend to be repeated. Hence 
the new motor fields will be stabilized by morphic resonance as the 
learned behaviour becomes habitual. 


10.5 Innate tendencies to learn 


The originality of learning may be absolute: a new motor field may 
come into being not only for the first time in the history of an 
individual, but for the first time ever. On the other hand, an 
animal may learn something that other members of its species 
have already learned in the past. In this case, the emergence 
of the appropriate motor field may well be facilitated by morphic 
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resonance from previous similar animals. If a motor field becomes 
increasingly well-established through repetition in many individ- 
uals, learning is likely to become progressively easier: there will be 
a strong innate disposition towards acquiring this particular pattern 
of behaviour. 

Thus learned behaviour which is repeated very frequently will 
tend to become semi-instinctive. By a converse process, instinctive 
behaviour may come to be semi-learned. This latter type of 
intergradation between instinctive and learned behaviour is illus- 
trated particularly clearly by the songs of birds.'* In some species, 
such as the wood pigeon and the cuckoo, the pattern of the song is 
almost completely innate, and hence varies little from bird to bird. 
But in others, for example the chaffinch, while the song has a 
general structure characteristic of the species, in its fine detail it 
differs from individual to individual; these differences can be 
. recognized by other birds and play an important part in the birds’ 
family and social life. Birds raised in isolation produce simplified 
and rather featureless versions of the song of their species, 
showing that its general structure is innate. However, under normal 
conditions they develop and improve their singing by imitating 
other birds of their own kind. This process is taken much further 
in mocking birds, for example, which borrow elements from the 
songs of species other than their own. And some kinds of birds, 
notably parrots and mynahs, under the artificial conditions of 
captivity often go so far as to imitate their human foster parents. 

In species whose songs are almost entirely innate, the lack of 
individual variation is both an effect and a cause of the well- 
defined and highly stabilized motor chreodes (cf. Fig. 27 A): the 
more the same pattern of movement is repeated, the greater will be 
its tendency to be repeated in the future. But in species with 
individual differences in song, morphic resonance will give less 
well-defined chreodes (cf. Fig. 27 B): the general structure of the 
chreode will be given by the process of automatic averaging, but 
the details will depend on the individual. The pattern of movements 
it makes when it first begins to sing will influence its subsequent 
singing, owing to the specificity of morphic resonance from its own 
past states; with repetition, its characteristic pattern of song will 
become habitual as its individual chreodes are deepened and 
stabilized. 
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11 
The Inheritance and Evolution of Behaviour 


11.1 The inheritance of behaviour 


On the hypothesis of formative causation, the inheritance of 
behaviour depends on genetic inheritance, and on the morphogen- 
etic fields which control the development of the nervous system 
and the animal as a whole, and on the motor fields given by 
morphic resonance from previous similar animals. By contrast, 
according to the conventional theory innate behaviour is supposed 
to be ‘programmed’ in the DNA. 

Relatively few experimental investigations have been carried out 
on the inheritance of behaviour, largely because it is difficult to 
quantify. Nevertheless, various attempts have been made: for 
instance, in experiments with rats and mice behaviour has been 
‘measured’ in terms of their running speed in treadmills; the 
frequency and duration of sexual activity; defecation scores, defined 
as the number of faecal boluses deposited in a given area in unit 
time; maze learning abilities; and susceptibility to audiogenic 
seizures, caused by very loud noises. A heritable component of 
these responses has been demonstrated by breeding from animals 
with high or low scores: the progeny tend to have scores resembling 
those of their parents.’ The trouble with investigations of this type 
is that they reveal very little about the inheritance of patterns of 
behaviour; moreover, the results are difficult to interpret because 
they are open to influence by so many different factors. For 
example, a lower treadmill speed or a reduced frequency of mating 
could simply be due to a general reduction in vigour as a 
consequence of a heritable metabolic deficiency. 

In some cases, the reasons for genetic alterations of behaviour 
have been investigated in considerable detail. In the small nematode 
worm Caenorhabditis, certain mutants that wriggle abnormally show 
structural changes in their nervous systems.” In Drosophila, various 
‘behavioural mutations’ which abolish the normal response to light 
have been found to affect the photo-receptors or the peripheral 
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visual neurons.’ In mice, a number of mutations are known to 
affect the morphogenesis of the nervous system, leading to defects 
of whole regions of the brain. In human beings, various congenital 
abnormalities of the nervous system are associated with abnormal 
behaviour, for example in Down’s syndrome, a type of mongolism. 
And then behaviour can also be affected by hereditary physiological 
and biochemical defects; for instance, in man the condition of 
phenylketonuria, associated with mental retardation, is due to a 
deficiency of the enzyme phenylalanine hydroxylase. 

The fact that innate behaviour is affected by genetically deter- 
mined alterations in the structure and function of the sense organs, 
nervous system, etc., does not, of course, prove that its inheritance 
is explicable in terms of genetic factors alone; it only shows that a 
normal body is necessary for normal behaviour. Think again of the 
radio analogy: changes within the set affect its performance; but 
this does not prove that the music which comes out of the 
loudspeakers originates inside the set itself. 

In the realm of behaviour, biochemical, physiological and ana- 
tomical changes may prevent the appearance of germ structures, 
and hence whole motor fields may fail to act; or they may have 
various quantitative effects on the movements controlled by these 
fields. And, in fact, investigations on the inheritance of fixed action 
patterns show that ‘it is not difficult to find variations which affect 
the performance in a minor fashion, but the unit still appears in a 
clearly recognizable form if it appears at all’.* 

The inheritance of motor fields is probably dependent on the 
factors already discussed in connection with the inheritance of 
morphogenetic fields (Chapter 7). Generally speaking, in hybrids 
between two races or species, the dominance of the motor fields of 
one over those of the other is likely to depend on the relative 
strength of the morphic resonance from the parental types (cf. Fig. 
19). If one belongs to a well-established race or species, and the 
other to a relatively new one with a small past population, the 
motor fields of the former would be expected to be dominant. But 
if the parental races or species are equally well-established, the 
hybrids would be expected to come under the influence of both to 
a similar extent. 

This is in fact what seems to happen. In some cases the results 
are quite bizarre, because the patterns of behaviour of the parental 
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types are incompatible with each other. One example is provided 
by the hybrids produced by crossing two kinds of lovebird. Both 
parental species make their nests out of strips which they tear from 
leaves in a similar manner, but whereas one (Fischer’s lovebird) 
then carries these strips to the nest in its bill, the other (the peach- 
faced lovebird) carries them tucked in among its feathers. Hybrids 
tear the strips from the leaves normally, but then behave in a most 
confused manner, sometimes tucking the strips in among their 
feathers, sometimes carrying them in their bills; but even when 
they carry them in their bills, they erect the feathers of the lower 
back and rump and attempt to tuck them in.° 


11.2 Morphic resonance and behaviour: an experimental test 


In mechanistic biology, a sharp distinction is drawn between innate 
and learned behaviour: the former is assumed to be ‘genetically 
programmed’ or. ‘coded’ in the DNA, while the latter is supposed 
to result from physico-chemical changes in the nervous system. 
There is no conceivable way in which such changes could specifi- 
cally modify the DNA (as the Lamarckian theory would require); it 
is therefore considered impossible for the learned behaviour 
acquired by an animal to be inherited by its offspring (excluding, 
of course, ‘cultural inheritance’, whereby the offspring learn pat- 
terns of behaviour from their parents). 

By contrast, according to the hypothesis of formative causation, 
there is no difference in kind between innate and learned behav- 
iour, in that both depend on motor fields given by morphic 
resonance (Section 10.1). This hypothesis therefore admits a 
possible transmission of learned behaviour from one animal to 
another, and leads to testable predictions which differ not only 
from those of the orthodox theory of inheritance, but also from 
those of the Lamarckian theory. 

Consider the following experiment. Animals of an inbred strain 
are placed under conditions in which they learn to respond to a 
given stimulus in a characteristic way. They are then made to 
repeat this pattern of behaviour many times. Ex hypothesi, the new 
- motor field will be reinforced by morphic resonance, which will 
not only cause the behaviour of the trained animals to become 
increasingly habitual, but will also affect, although less specifically, 
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any similar animal exposed to a similar stimulus: the larger the 
number of animals in the past which have learned the task, the 
easier it should be for subsequent similar animals to learn it. 
Therefore in an experiment of this type it should be possible to 
observe a progressive increase in the rate of learning not only in 
animals descended from trained ancestors, but also in genetically 
similar animals descended from untrained ancestors. This predic- 
tion differs from that of the Lamarckian theory, according to which 
only the descendants of trained animals should learn quicker. And 
on the conventional theory, there should be no increase in the rate 
of learning of the descendants of untrained or trained animals. 

To summarize: an increased rate of learning in successive gener- 
ations of both trained and untrained lines would support the hypoth- 
esis of formative causation; an increase only in trained lines, the 
Lamarckian theory; and an increase in neither, the orthodox theory. 

Experiments of this type have in fact already been performed. 
The results support the hypothesis of formative causation. 

The original experiment was started by W. McDougall at 
Harvard in 1920, in the hope of providing a thorough test of the 
possibility of Lamarckian inheritance. The experimental animals 
were white rats, of the Wistar strain, which had been carefully 
inbred under laboratory conditions for many generations. Their 
task was to learn to escape from a specially constructed tank of 
water by swimming to one of two gangways which led out of the 
water. The ‘wrong’ gangway was brightly illuminated, while the 
‘right’ gangway was not. If the rat left by the illuminated gangway 
it received an electric shock. The two gangways were illuminated 
alternately, one on one occasion, the other on the next. The 
number of errors made by a rat before it learned to leave the tank 
by the non-illuminated gangway gave a measure of its rate of 
learning: 


‘Some of the rats required as many as 330 immersions, involving approxi- 
mately half that number of shocks, before they learnt to avoid the bright 
gangway. The process of learning was in all cases one which suddenly 
reached a critical point. For a long time the animal would show clear 
evidence of aversion for the bright gangway, frequently hesitating before 
it, turning back from it, or taking it with a desperate rush; but, not having 
grasped the simple relation of constant correlation between bright light 
and shock, he would continue to take the bright route as often or nearly as 
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often as the other. Then, at last, would come a point in his training at 
which he would, if he found himself facing the bright light, definitely and 
decisively turn about, seek the other passage, and quietly climb out by the 
dim gangway. After attaining this point, no animal made the error of again 
taking the bright gangway, or only in very rare instances.” 


In each generation, the rats from which the next generation were 
to be bred were selected at random before their rate of learning was 
measured, although mating took place only after they were tested. 
This procedure was adopted to avoid any possibility of conscious 
or unconscious selection in favour of quicker-learning rats. 

This experiment was continued for 32 generations and took 15 
years to complete. In accordance with the Lamarckian theory, 
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Figure 28 The average number of errors in successive generations of 
rats selected in each generation for slowness of learning. (Data from 
McDougall, 1938.) 
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there was a marked tendency for rats in successive generations to 
learn more quickly. This is indicated by the average number of 
errors made by rats in the first eight generations, which was over 
56, compared with 41, 29 and 20 in the second, third and fourth 
groups of eight generations, respectively.’ The difference was 
apparent not only in the quantitative results, but also in the actual 
behaviour of the rats, which became more cautious and tentative in 
the later generations.® 

McDougall anticipated the criticism that in spite of his random 
selection of parents in each generation, some sort of selection in 
favour of quicker-learning rats could nevertheless have crept in. In 
order to test this possibility, he started a new experiment, with a 
different batch of rats, in which parents were indeed selected on 
the basis of their learning score. In one series, only quick learners 
were bred from in each generation, and in the other series only 
slow learners. As expected, the progeny of the quick learners 
tended to learn relatively quickly, while the progeny of the slow 
learners learned relatively slowly. However, even in the latter 
series, the performance of the later generations improved very 
markedly, in spite of repeated selection in favour of slow learning 
(Fig. 28). 

These experiments were done carefully, and critics were unable 
to dismiss the results on the ground of flaws in technique. But they 
did draw attention to a weakness in the experimental design: 
McDougall had failed to test systematically the change in the rate 
of learning of rats whose parents had not been trained. 

One of these critics, F.A.E. Crew, of Edinburgh, repeated 
McDougall’s experiment with rats derived from the same inbred 
strain, using a tank of similar design. He included a parallel line of 
‘untrained’ rats, some of which were tested in each generation for 
their rate of learning, while others, which were not tested, served 
as the parents of the next. Over the 18 generations of this 
experiment, Crew found no systematic change in the rate of 
learning either in the trained or in the untrained line.’ At 
first, this seemed to cast serious doubt on McDougall’s findings. 
However, Crew’s results were not directly comparable in three 
important respects. First, for some reason the rats found it much 
easier to learn the task in his experiment than in the earlier 
generations of McDougall’s. So pronounced was this effect that a 
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considerable number of rats in both trained and untrained lines 
‘learned’ the task immediately without receiving a single shock! 
The average scores of Crew’s rats right from the beginning were 
similar to those of McDougall’s after more than 30 generations of 
training. Neither Crew nor McDougall was able to provide a 
satisfactory explanation of this discrepancy. But, as McDougall 
pointed out, since the purpose of the investigation was to bring to 
light any effect of training on subsequent generations, an exper- 
iment in which some rats received no training at all and many 
others received very little would not be qualified to demonstrate 
this effect.!° Second, Crew’s results showed large and apparently 
random fluctuations from generation to generation, far larger than 
the fluctuations in McDougall’s results, which could well have 
obscured any tendency to improve in the scores of later generations. 
Third, Crew adopted a policy of very intensive inbreeding, crossing 
only brothers with their sisters in each generation. He had not 
expected this to have adverse effects, since the rats came from an 
inbred stock to start with: 


‘Yet the history of my stock reads like an experiment in inbreeding. There 
is a broad base of family lines and a narrow apex of two remaining lines. 
The reproductive rate falls and line after line becomes extinct.”!! 


Even in the surviving lines, a considerable number of animals were 
born with such extreme abnormalities that they had to be discarded. 
The harmful effects of this severe inbreeding could well have 
masked any tendency for the rate of learning to improve. Alto- 
gether, these defects in Crew’s experiment mean that the results 
can only be regarded as inconclusive; and in fact he himself was of 
the opinion that the question remained open.!? 

Fortunately, this is not the end of the story. The experiment was 
carried out again by W.E. Agar and his colleagues at Melbourne, 
using methods which did not suffer from the disadvantages of 
Crew’s. Over a period of 20 years, they measured the rates of 
learning of trained and untrained lines for 50 successive gener- 
ations. In agreement with McDougall, they found that there was a 
marked tendency for rats of the trained line to learn more quickly 
in subsequent generations. But exactly the same tendency was also 
found in the untrained line. 
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It might be wondered why McDougall did not also observe a 
similar effect in his own untrained lines. The answer is that he did. 
Although he tested control rats from the original untrained stock 
only occasionally, he noticed ‘the disturbing fact that the groups of 
controls derived from this stock in the years 1926, 1927, 1930 and 
1932 show a diminution in the average number of errors from 
1927 to 1932’. He thought this result was probably fortuitous, but 
added: 


‘It is just possible that the falling off in the average number of errors from 
1927 to 1932 represents a real change of constitution of the whole stock, 
an improvement of it (with respect to this particular faculty) whose : nature 
I am unable to suggest.’!* 


With the publication of the final report by Agar’s group in 
1954 the prolonged controversy over ‘McDougall’s Lamarckian 
Experiment’ came to an end. The similar improvement in both 
trained and untrained lines ruled out a Lamarckian interpretation. 
McDougall’s conclusion was refuted, and that seemed to be the end 
of the matter. On the other hand, his results were confirmed. 

These results seemed completely inexplicable; they made no 
sense in terms of any current ideas, and they were never followed 
up. But they make very good sense in the light of the hypothesis of 
formative causation. Of course they cannot in themselves prove the 
hypothesis; it is always possible to suggest other explanations, 
for example that the successive generations of rats became increas- 
ingly intelligent for an unknown reason unconnected with their 
training." 

In future experiments, the most unambiguous way of testing for 
the effects of morphic resonance would probably be to cause large 
numbers of rats (or any other animals) to learn a new task in one 
location; and then see if there was an increase in the rate at which 
similar rats learned to carry out the same task at another location 
hundreds of miles away. The initial rate of learning at both 
locations should be more or less the same. Then, according to the 
hypothesis of formative causation, the rate of learning should 
increase progressively at the location when large numbers are 
trained; and a similar increase should also be detectable in the rats 
at the second location, even though very few rats had been trained 
there. Obviously, precautions would need to be taken to avoid 
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any possible conscious or unconscious bias on the part of the 
experimenters. One way would be for experimenters at the second 
location to test the rate of learning of rats in several different tasks, 
at regular intervals, say monthly. Then at the first location, the 
particular task in which thousands of rats would be trained would 
be chosen at random from this set. Moreover, the time at which 
the training began would also be selected at random; it might, for 
example, be four months after the regular tests began at the second 
location. The experimenters at the second location would not be 
told either which task had been selected, nor when the training 
had begun at the first location. If, under these conditions, a marked 
increase in the rate of learning in the selected task were detected 
at the second location after the training had begun at the first, then 
this result would provide strong evidence in favour of the hypothesis 
of formative causation. 

An effect of this type might well have occurred when Crew and 
Agar’s group repeated McDougall’s work. In both cases, their 
rats started off learning the task considerably more quickly than 
McDougiall’s rats did when he first began his experiment." 

If the experiment proposed above were actually performed, and 
if it gave positive results, it would not be fully reproducible by its 
very nature; for in attempts to repeat it, the rats would be 
influenced by morphic resonance from the rats in the original 
experiment. To demonstrate the same effect again and again, it 
would be necessary to change either the task or the species used in 
each experiment. 


11.3 The evolution of behaviour 


Whereas the Fossil Record provides direct evidence about the 
Structure of past animals, it reveals practically nothing about 
their behaviour. Consequently most ideas about the evolution of 
behaviour cannot be based on evidence from the past, but only on 
comparisons between species in existence at present. Thus, for 
example, theories can be constructed about the evolution of social 
behaviour in the bees by comparing existing social species with 
solitary and colonial species, which are presumed to be more 
primitive. But however reasonable such theories may seem, they 
can never be more than speculative.'? Moreover, theories of 
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behavioural evolution depend on assumptions about the way in 
which behaviour is inherited, since so little is actually known. 

The mechanistic, or neo-Darwinian, theory assumes that innate 
behaviour is ‘programmed’ or ‘coded’ in the DNA, and that new 
types of behaviour are caused by chance mutations. Then natural 
selection favours favourable mutants; hence instincts evolve. 
Chance mutations are also assumed to give animals capacities for 
particular types of learning. Then animals whose survival and 
reproduction benefits from these capacities are favoured by natural 
selection. Hence capacities for learning evolve. Even a tendency 
for learned behaviour to become innate can be attributed to chance 
mutations, by the hypothetical Baldwin effect: animals may respond 
to new situations by learning to behave in appropriate ways; chance 
mutations which cause this behaviour to appear without the need 
for learning will be favoured by natural selection; hence behaviour 
which was at first learned may become innate, not because of an 
inheritance of acquired characteristics, but because appropriate 
mutations happened to occur. 

There seems to be practically no limit to what can be accounted 
for by the invocation of favourable chance mutations which 
change the ‘genetic programming’ of behaviour. Then these neo- 
Darwinian theories can be developed in a mathematical form by 
means of calculations based on the formulae of theoretical popu- 
lation genetics.'® But in so far as these speculations are untestable, 
they have no independent value; they merely elaborate the mechan- 
istic assumptions from which they start. 

The hypothesis of formative causation leads to very different 
interpretations of the evolution of behaviour. To the extent that 
genetical changes influence behaviour, natural selection would still 
be expected to lead to alterations in the ‘gene pools’ of populations. 
But the specific patterns of behaviour themselves depend on the 
inheritance of motor fields by morphic resonance. The more a 
given pattern of behaviour is repeated, the stronger will this 
resonance become. Thus the repetition of instinctive behaviour 
will tend to fix the instincts more and more. On the other hand, if 
patterns of behaviour vary from individual to individual, morphic 
resonance will not produce well-defined chreodes; hence the 
behaviour will be less stereotyped. And the greater the variety of 
behaviour, the greater will be the scope for variation in future 
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generations. This type of evolution, in a direction permitting the 
emergence of intelligence, has taken place to some extent among 
the birds, more so in the mammals, and most of all in man. 

In some cases, behaviour which is semi-learned must have 
evolved from a background in which it was fully instinctive. One 
way in which this could have happened is through the hybridization 
of races with different chreodes, giving rise to composite motor 
fields with more scope for individual variation. 

In other cases, semi-instinctive behaviour could have evolved 
from behaviour which was originally learned, as a result of frequent 
repetition. Consider, for example, the behaviour of different breeds 
of dogs. Sheep dogs have been trained and selected over many 
generations for the ability to round up sheep, retrievers to retrieve, 
pointers to point, fox hounds to chase foxes, and so on. Dogs often 
show an innate tendency towards the behaviour characteristic of 
their breed even before they are trained.'? Perhaps these tenden- 
cies are not quite strong enough to be called instincts, but they are 
strong enough to show that there is only a difference of degree 
between instinct and hereditary pre-disposition to learn particular 
types of behaviour. Of course, breeds of dogs have evolved under 
conditions of artificial rather than natural selection, but the same 
principles seem likely to apply in both cases. 

While it is relatively easy to imagine how some types of instinctive 
behaviour could have developed by the repetition of learned 
behaviour generation after generation, this cannot feasibly account 
for the evolution of all types of instinct, especially in animals with a 
very limited capacity for learning. Possibly some new instincts 
emerged from new permutations and combinations of pre-existing 
instincts; one way in which this could occur would be through 
hybridization between races or species with different patterns of 
behaviour. Another way in which new combinations might come 
about is through the incorporation of ‘displacement activities’, the 
seemingly irrelevant actions performed by animals ‘torn’ between 
conflicting instincts. Certain elements of courtship rituals may well 
have originated in this way.” It is also conceivable that mutations 
or exposure to unusual environments could enable an animal to 
‘tune in’ to other species’ motor chreodes (cf. Section 8.6). 

But in addition to the recombination of existing chreodes, there 
must be some way in which entirely new motor fields come into 
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being in animals whose behaviour is almost entirely instinctive. 
New patterns of behaviour could only emerge if the usual repetition 
of ancestral behaviour was blocked, either by a change in the 
environment, or by a mutation which altered the normal physiology 
or morphogenesis of the animal. In most such cases the animal 
might act in an unco-ordinated and ineffective manner; but 
occasionally a new motor field might come into being. And 
whenever a new field appears for the first time, there must be a 
Sump’ which cannot be fully accounted for in terms of preceding 
energetic or formative causes (Sections 5.1, 8.7). 

If the pattern of behaviour due to a new motor field impairs the 
ability of animals to survive and reproduce, it will not be repeated 
very often; for animals which persist in this behaviour will be 
eliminated by natural selection. But if the pattern of behaviour 
helps the animals which perform it to survive and reproduce, it will 
tend to be repeated frequently and will therefore be increasingly 
reinforced by morphic resonance. Thus the motor field will be 
favoured by natural selection. 


11.4 Human behaviour 


Higher animals often behave more flexibly than lower animals. 
However, this flexibility is confined to the early stages of a 
behavioural sequence, and especially to the initial appetitive phase; 
the later stages, and in particular the final stage, the consummatory 
act, are performed in a stereotyped manner as fixed action patterns 
(Section 10.1). 

In terms of the landscape model, a major motor field can be 
represented by a broad valley, which then narrows down and 
becomes increasingly steep-walled, finally ending up in a deep 
canyon (Fig. 27 B). The broad valley corresponds to the appetitive 
phase, in which many alternative pathways can be followed; these 
pathways then converge as they are ‘funnelled’ towards the final 
highly canalized chreode of the consummatory act. 

In human behaviour the ranges of ways in which behavioural 
goals are reached are far wider than in any other species, but the 
same principles seem to apply: under the influence of the higher- 
level motor fields, patterns of action are ‘funnelled’ towards 
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stereotyped consummatory acts which are generally innate. For 
example, people obtain their food by all sorts of different methods, 
either directly by hunting, gathering, fishing, herding or farming, 
or earn it indirectly by performing various tasks or jobs. Then the 
food is prepared and cooked in many different ways, and placed in 
the mouth by a variety of means, for instance by hand, or with 
chopsticks, or on a spoon. But there is little difference in the way 
the food is chewed, and the consummatory act of the whole motor 
field of feeding, swallowing, is similar in all men. Likewise, in the 
behaviour governed by the motor field of reproduction, methods of 
courtship and systems of marriage differ widely, but the consumma- 
tory act of copulation towards which they lead is more or less 
stereotyped. In the male, the final fixed action pattern, that of 
ejaculation, proceeds automatically, and is in fact innate. 

Thus the very varied patterns of human behaviour are usually 
directed towards a limited number of goals given by the motor 
fields inherited from past members of the species by morphic 
resonance; in general, these goals are related to the development, 
maintenance or reproduction of the individual or social group. 
Even play and exploratory activity not immediately directed towards 
such goals often help achieve them later on, as they do in other 
species. For neither play nor ‘generalized exploratory appetitive 
behaviour’ in the absence of immediate reward is confined to man: 
rats, for example, explore their environment and investigate objects 
even when they are satiated.?! 

However, not all human activity is subordinated to the motor 
fields which canalize it towards biological or social goals; some is 
explicitly directed towards transcendent ends. This kind of behav- 
iour is shown in its purest form in the lives of saints. But 
clearly most of the behaviour of most human beings has no such 
transcendent direction. 

Although the range of variation in human behaviour is very wide 
when the species as a whole is considered, in any given society the 
activities of individuals tend to fall into a limited number of 
standard patterns. People usually repeat characteristically struc- 
tured activities which have already been performed over and over 
again by many generations of their predecessors. These include 
the speaking of a particular language; the motor skills associated 
with hunting, farming, weaving, tool-making, cooking, and so on; 
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songs and dances; and the types of behaviour specific to particular 
social roles. 

All the patterns of activity characteristic of a given culture can 
be regarded as chreodes.” The more often they are repeated, the 
more strongly stabilized they will be. But because of the bewildering 
variety of culture-specific chreodes, each of which could potentially 
canalize the movements of any human being, morphic resonance 
cannot by itself lead an individual into one set of chreodes rather 
than another. So none of these patterns of behaviour expresses 
itself spontaneously: all have to be learned. An individual is initiated 
into particular patterns of behaviour by other members of the 
society. Then as the process of learning begins, usually by imitation, 
the performance of a characteristic pattern of movement brings the 
individual into morphic resonance with all those who have carried 
out this pattern of movement in the past. Consequently learning is 
facilitated as the individual ‘tunes in’ to specific chreodes. 

Processes of initiation are indeed traditionally understood in 
terms rather similar to these. Individuals are thought to enter into 
states or modes of existence which precede them and have a sort 
of trans-personal reality. 

The facilitation of learning by morphic resonance would be 
difficult to demonstrate empirically in the case of long-established 
patterns of behaviour; but a change in the rate of learning should 
be more readily detectable with motor patterns of recent origin. 
Thus, for example, within the present century it should have 
become progressively easier to learn to ride a bicycle, drive a car, 
play the piano, or use a typewriter, owing to the cumulative 
morphic resonance from the large number of people who have 
already acquired these skills. However, even if reliable quantitative 
data showed that the rates of learning had in fact increased, the 
interpretation would be complicated by the probable influence of 
other factors like improved machine design, better teaching 
methods, and a higher motivation to learn. But with specially 
designed experiments in which precautions were taken to hold 
these other factors constant, it might well be possible to obtain 
persuasive evidence for the predicted effect. 

The hypothesis of formative causation applies to all aspects of 
human behaviour in which particular patterns of movement are 
repeated. But it cannot account for the origin of these patterns in 
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the first place. Here, as elsewhere, the problem of creativity lies 
outside the scope of natural science, and an answer can only be 
given on metaphysical grounds (cf. Sections 5.1, 8.7 and 11.3). 
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£2 
Four Possible Conclusions 


12.1 The hypothesis of formative causation 


The presentation of the hypothesis of formative causation in the 
preceding chapters of this book can only be regarded as a prelimi- 
nary sketch: the hypothesis is capable of being worked out in far 
greater detail both in the realm of biology and of physics. But until 
some of its predictions have been tested, there will probably be 
little incentive to undertake this task: only if persuasive positive 
results are obtained is the hypothesis likely to seem worth pursuing, 
at least in its present form. Examples of possible experimental tests 
have been given in Sections 5.6, 7.4, 7.6, 11.2 and 11.4; and more 
could be devised. 

The hypothesis of formative causation is a testable hypothesis 
about objectively observable regularities of nature. It cannot provide 
any answers to the questions posed by the origination of new forms 
and new patterns of behaviour, or by the fact of subjective 
experience. Such questions can be answered only by theories of 
reality more far-reaching than those of natural science, in other 
words by metaphysical theories. 

At present, scientific and metaphysical questions are frequently 
confused with each other, because of the close connection between 
the mechanistic theory of life and the metaphysical theory of 
materialism. The latter would still be defensible if the mechanistic 
theory were to be superseded within biology by the hypothesis of 
formative causation, or indeed by any other hypothesis. But it 
would lose its privileged position; it would have to enter into free 
competition with other metaphysical theories. 

In order to illustrate the important distinction between the 
realms of science and of metaphysics, in the following Sections 
four different metaphysical theories are briefly outlined. All four 
are equally compatible with the hypothesis of formative causation 
and, from the point of view of natural science, the choice between 
them can only be left entirely open. 
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12.2 Modified materialism 


Materialism starts from the assumption that only matter is real; 
hence everything that exists is either matter or entirely dependent 
upon matter for its existence. However, the concept of matter has 
no fixed meaning; in the light of modern physics it has already 
been extended to include physical fields, and material particles 
have come to be regarded as forms of energy. The philosophy of 
materialism has had to be modified accordingly. 

Morphogenetic fields and motor fields are associated with 
material systems; they too can be regarded as aspects of matter 
(Section 3.4). Thus materialism could be further modified to 
incorporate the idea of formative causation.’ In the following 
discussion this new form of the materialist philosophy will be 
referred to as modified materialism. 

Materialism denies a priori the existence of any non-material 
causal agency; the physical world is considered to be causally 
closed. Hence there can be no such thing as a non-material self 
which acts upon the body, as there seems to be from a subjective 
point of view. Rather, conscious experience is either in some sense 
the same thing as material states of the brain, or it simply runs 
parallel to these states without affecting them.’ But whereas in 
conventional materialism brain states are considered to be deter- 
mined by a combination of energetic causation and chance events, 
in modified materialism they would, in addition, be determined by 
formative causation. Indeed, conscious experience would probably 
best be thought of as an aspect or epiphenomenon of the motor 
fields acting on the brain. 

The subjective experience of free will cannot, ex hypothesi, 
correspond to the causal influence of a non-material self upon the 
body. However, it is conceivable that some of the random events 
within the brain might be subjectively experienced as free choices; 
but this apparent freedom would be nothing but an aspect or 
epiphenomenon of the chance activation of one motor field rather 
than another. 

If all conscious experience is simply an accompaniment of, or 
runs parallel to, the motor fields acting upon the brain, then 
conscious memory, like the memory of motor habits (cf. Section 
10.1), must depend on morphic resonance from past states of the 
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brain. Neither conscious nor unconscious memories would be 
stored within the brain. 

In the context of conventional materialism, the evidence for 
parapsychological phenomena can only be denied, ignored or 
explained away, in so far as it appears to be inexplicable in terms 
of energetic causation. But modified materialism might well permit 
a more positive attitude. For it is not inconceivable that some of 
these alleged phenomena might turn out to be compatible with the 
hypothesis of formative causation: in particular, it might be possible 
to formulate an explanation of telepathy in terms of morphic 
resonance,’ and of psychokinesis in terms of the modification of 
probabilistic events within objects under the influence of motor 
fields.* 

The origin of new forms, new patterns of behaviour and new 
ideas cannot be explained in terms of pre-existing energetic 
and formative causes (Sections 5.1, 8.7, 11.3, 11.4). Moreover, 
materialism denies the existence of any non-material creative 
agency which could have given rise to them. Hence they have no 
cause. Their origin must therefore be attributed to chance, and 
evolution can only be seen in terms of the interplay of chance and 
physical necessity. 

In summary, according to this modified philosophy of material- 
ism, the universe is composed of matter and energy, which are 
either eternal or of unknown origin, organized into an enormous 
variety of inorganic and organic forms which all arose by chance, 
governed by laws which cannot themselves be explained. Conscious 
experience is either an aspect of or runs parallel to the motor fields 
acting on the brain. All human creativity, like evolutionary creativity, 
must ultimately be ascribed to chance. Human beings adopt their 
beliefs (including the belief in materialism) and carry out their 
actions as a result of chance events and physical necessities within 
their brains. Human life has no purpose beyond the satisfaction of 
biological and social needs; nor has the evolution of life, nor the 
universe as a whole, any purpose or direction. 


12.3 The conscious self 


Contrary to the philosophy of materialism, the conscious self can 
be admitted to have a reality which is not merely derivative from 
matter. One can accept, rather than deny, that one’s own conscious 
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self has the capacity to make free choices. Then, by analogy, other 
people can also be assumed to be conscious beings with a similar 
capacity. 

This ‘common sense’ view leads to the conclusion that the 
conscious self and the body interact. But then how does this 
interaction take place? 

In the context of the mechanistic theory of life, the conscious 
self has to be seen as a sort of ‘ghost in the machine’. To 
materialists this notion seems inherently absurd. And even the 
defenders of the interactionist position have been unable to specify 
how the interaction takes place, beyond the vague suggestion that 
it might somehow depend on a modification of quantum events 
within the brain. 

The hypothesis of formative causation enables this long-standing 
problem to be seen in a new light. The conscious self can be 
thought of as interacting not with a machine, but with motor fields. 
These motor fields are associated with the body and depend on its 
physico-chemical states. But the self is neither the same as the 
motor fields, nor does its experience simply parallel the changes 
brought about within the brain by energetic and formative caus- 
ation. It ‘enters into’ the motor fields, but it remains over and 
above them. 

Through these fields, the conscious self is closely connected 
with the external environment and with the states of the body in 
perception and in consciously controlled activity. But subjective 
experience which is not directly concerned with the present 
environment or with immediate action — for example in dreams, 
reveries, and>discursive thinking — need not necessarily bear any 
particularly close relationship to the energetic and formative causes 
acting on the brain. 

At first sight, this conclusion might appear to contradict the 
evidence showing that states of consciousness are often associated 
with characteristic physiological activities. Dreams, for instance, 
tend to be accompanied by rapid eye movements and by electrical 
rhythms of particular frequencies within the brain.’ But such 
evidence does not prove that the specific details of the dreams run 
parallel to these physiological changes: the latter could simply be a 
non-specific consequence of the entry of consciousness into the 
dream state. 
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This point is easier to grasp with the help of an analogy. 
Consider the interaction between a car and its driver. Under 
certain conditions, when the car is actually being driven, its 
movements are closely connected with the actions of the driver, 
and depend on his perceptions of the road ahead, road signs, dials 
indicating the internal state of the car, and so on. But under other 
conditions, this connection is much less close: for example, when 
the car is stationary with its engine ticking over, the driver might 
be looking at a map. Although there would be a general relationship 
between the state of the car and what he was doing — he could not 
read when driving — there would be no specific connections 
between the vibrations of the engine and the features of the map 
he was studying. Likewise the rhythmical electrical activity in the 
brain need bear no specific relationship to the images experienced 
in dreams. 

If the conscious self has properties of its own which are not 
reducible to those of matter, energy, morphogenetic fields and 
motor fields, there is no reason why conscious memories — for 
example memories of particular past events — need either be stored 
materially in the brain, or depend on morphic resonance. They 
could well be given directly from past conscious states, across time 
and space, simply on the basis of similarity with present states. 
This process would resemble morphic resonance, but differ from 
it in that it depended not on physical but on conscious states. 
There would thus be two types of long-term memory: motor 
memory, or habit memory, given by morphic resonance; and 
conscious memory, given by a direct access of the conscious self to 
its own past states.® 

Once the conscious self is admitted to have properties unlike 
those of any purely physical system, it seems possible that some of 
these properties might be able to account for parapsychological 
phenomena which are inexplicable in terms of energetic or of 
formative causation.’ 

_ But granted that the self has properties of its own, how does it 

act upon the body and the external world through the motor fields? 
There seem to be two ways in which it could do so: first, by 
selecting between different possible motor fields, causing one 
course of action to be adopted rather than another; and second, by 
serving as a creative agency through which new motor fields come 
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into being, for example in ‘insight’ learning (cf. Section 10.4). In 
both cases it would act like a formative cause, but one which is, 
within limits, free and undetermined from the point of view of 
physical causation. It could indeed be thought of as a formative 
cause of formative causes. 

On this interpretation, consciously controlled actions depend on 
three kinds of causation: conscious causation, formative causation 
and energetic causation. By contrast, traditional interactionist theor- 
ies, of the ‘ghost in the machine’ type, admit only two, conscious 
and energetic causation, with no formative causation in between. 
Modified materialism admits a different two, formative and ener- 
getic, and denies the existence of conscious causation. And conven- 
tional materialism admits only one, energetic causation.!° 

The relationship between conscious causation and formative 
causation is probably best thought of by analogy with the relation- 
ship between formative and energetic causation. Formative caus- 
ation does not suspend or contradict energetic causation, but 
imposes a pattern upon events which are indeterminate from an 
energetic point of view; it selects between energetic possibilities. 
Likewise, conscious causation does not suspend or contradict 
formative causation, but selects between motor fields which are 
equally possible on the basis of morphic resonance. 

Situations in which several different patterns of activity are 
possible might arise either when behaviour under the influence of 
particular motor fields is not already canalized by innate or habitual 
chreodes; or when two or more motor fields are competing for 
control of the body. 

In the lower animals, the strong canalization of instinctive 
patterns of behaviour probably leaves little or no room for conscious 
causation; but among the higher animals the relatively weak innate 
canalization of appetitive behaviour may well provide a limited 
scope. And in man, the enormous range of possible actions gives 
rise to many ambiguous situations in which conscious choices can 
be made, both at lower levels, between possible methods of 
reaching goals, already given by the major motor fields, and at 
higher levels, between competing major motor fields. 

On this view, consciousness is primarily directed towards the 
choice between possible actions, and its evolution has been inti- 
mately connected with the increasing scope of conscious causation. 
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At an early stage in human evolution, this scope must have 
increased enormously with the development of language, both 
directly through the capacity to produce an indefinite number of 
patterns of sounds in the speaking of phrases and sentences; and 
indirectly through all those actions made possible by this detailed 
and flexible means of communication. Moreover, in the associated 
development of conceptual thought, the conscious self must at 
some stage, in a qualitative leap, have become aware of itself as the 
agent of conscious causation. 

Although conscious creativity reaches its highest development in 
the human species, it probably also plays an important part in the 
development of new patterns of behaviour in the higher animals, 
and may even be of some significance in the lower animals. But 
conscious causation takes place only within already-established 
frameworks of formative causation given by morphic resonance 
from past animals; it cannot account for the major motor fields in 
the context of which it is expressed, nor can it be regarded as a 
cause of the characteristic form of the species. Still less can it help 
to explain the origin of new forms in the plant kingdom. So the 
problem of evolutionary creativity remains unsolved. 

This creativity can either be attributed to a non-physical creative 
agency which transcends individual organisms; or else it can be 
ascribed to chance. 

The adoption of the latter alternative gives the second of the 
metaphysical positions compatible with the hypothesis of formative 
causation, in which the reality of the conscious self as a causal 
agent is admitted, but the existence of any non-physical agency 
transcending individual organisms is denied. 


12.4 The creative universe 


Although a creative agency capable of giving rise to new forms and 
new patterns of behaviour in the course of evolution would 
necessarily transcend individual organisms, it need not transcend 
all nature. It could, for instance, be immanent within life as a 
whole; in this case it would correspond to what Bergson called the 
élan vital." Or it could be immanent within the planet as a whole, 
or the solar system, or the entire universe. There could indeed be 
a hierarchy of immanent creativities at all these levels. 
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Such creative agencies could give rise to new morphogenetic 
and motor fields by a kind of causation very similar to the conscious 
causation considered above. In fact, if such creative agencies are 
admitted at all, then it is difficult to avoid the conclusion that they 
must in some sense be conscious selves. 

If such a hierarchy of conscious selves exists, then those at 
higher levels might well express their creativity through those at 
lower levels. And if such a higher-level creative agency acted 
through human consciousness, the thoughts and actions to which 
it gave rise might actually be experienced as coming from an 
external source. This experience of inspiration is in fact well known. 

Moreover, if such ‘higher selves’ are immanent within nature, 
then it is conceivable that under certain conditions human beings 
might become directly aware that they were embraced or included 
within them. And in fact the experience of an inner unity with life, 
or the earth, or the universe, has often been described, to the 
extent that it is expressible. 

But although an immanent hierarchy of conscious selves might 
well account for evolutionary creativity within the universe, it could 
not possibly have given rise to the universe in the first place. Nor 
could this immanent creativity have any goal if there were nothing 
beyond the universe towards which it could move. So the whole of 
nature would be evolving continuously, but blindly and without 
direction. 

This metaphysical position admits the causal efficacy of the 
conscious self, and the existence of creative agencies transcending 
individual organisms, but immanent within nature. However, it 
denies the existence of any ultimate creative agency transcending 
the universe as a whole. 


12.5 Transcendent reality 


The universe as a whole could have a cause and a purpose only if 
it were itself created by a conscious agent which transcended it. 
Unlike the universe, this transcendent consciousness would not be 
developing towards a goal; it would be its own goal. It would not 
be striving towards a final form; it would be complete in itself. 

If this transcendent conscious being were the source of the 
universe and of everything within it, all created things would in 
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some sense participate in its nature. The more or less limited 
‘wholeness’ of organisms at all levels of complexity could then be 
seen as a reflection of the transcendent unity on which they 
depended, and from which they were ultimately derived. 

Thus this fourth metaphysical position affirms the causal efficacy 
of the conscious self, and the existence of a hierarchy of creative 
agencies immanent within nature, and the reality of a transcendent 
source of the universe. 


Notes 


—" 


Some of the modern versions of the philosophy of dialectical 
materialism would probably provide a good starting point for 
the development of a modified materialism in this sense. They 
already include many aspects of the organismic approach, and 
are based on the idea that reality is inherently evolutionary 
(Graham, 1972). 

For a historical account and critical discussion of the various 

materialist theories, see the chapters by Sir Karl Popper in 

Popper and Eccles (1977). 

3 The hypothesis that both telepathy and memory might be 
explicable in terms of a new type of trans-temporal and trans- 
spatial ‘resonance’ between similar complex systems has in fact 
already been put forward by Marshall (1960); indeed his 
suggestion anticipates in several important respects the idea of 
morphic resonance. 

4 Although telepathy and psychokinesis might conceivably be 

explicable in terms of formative causation, it is difficult to see 

how this hypothesis could help to account for certain other 
alleged phenomena, such as clairvoyance, which seem to pose 
insurmountable problems for any physical theory. For a review 
of various theories, physical and non-physical, which have been 
proposed in order to account for the alleged phenomena of 

parapsychology, see Rao (1977). 

Ryle (1949). 

6 E.g. Eddington (1935); Eccles (1953); Walker (1975). 

7 Jouvet (1967). 

8 For a discussion of the distinction between motor or habit 

memory and conscious memory, see Bergson (191 1b). 
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9 See the discussion by Rao (1977). 

10 Two different types of dualistic or vitalist theory can be 
recognized in the light of this classification. The first, exem- 
plified in the writings of Driesch (1908, 1927), postulated the 
existence of a new type of causation responsible for repetitive 
and regular biological processes, corresponding to formative 
causation in the present sense. The second, developed most 
brilliantly by Bergson, emphasized conscious causation on the 
one hand (in his Matter and Memory), and evolutionary creativity 
on the other (in Creative Evolution), neither of which could be 
explained in terms of physical causes. 

11 Bergson (191 1a). 


Appendix 


A.1 Comments and controversies 


At the time the first edition of A New Science of Life was published in 
June 1981, the New Scientist published an article of mine summarizing 
the hypothesis of formattve causation. This was introduced by Colin 
Tudge in the following way. 


Scientific proof that science has got it all wrong 

Rupert Sheldrake is about to publish a book that says, in arguments 
that could be refuted, that Western science has sadly misconstrued 
the world and all the creatures therein. Sheldrake believes that the 
form of things — crystals or organisms — and the ways they behave 
are not determined solely by the physical ‘laws’ and principles that 
science has so far identified. The view that everything that every 
creature does could, in the end, be explained by the properties of 
its constituent molecules — that biology in the end is chemistry, 
and chemistry (if we knew enough) would be physics — is, he 
humbly suggests, junk. 

Instead he posits (or rather re-posits, for the term is expanded 
from embryology) the idea of ‘morphogenetic fields’, which implies 
that when any one thing forms (a crystal, say) or any animal learns 
a new form of behaviour, it will influence the subsequent learning 
or formation of all other crystals or animals of the same kind. 
Indeed, he suggests, the world is kept on course not because ‘laws’ 
prescribe what must happen, but because of all the things that 
could happen, only one does — and that one then influences all 
things of the same kind that come afterwards. 

Of course, within the context of modern science, such an idea is 
completely scatty. Blond and Briggs, who publish Sheldrake’s A 
New Science of Life next week, and we, who are running a brief 
essay by him on page 766, have clearly flipped our respective lids, 
and we should get back to our test-tubes but for three things. 

The first is that Sheldrake is an excellent scientist; the proper, 
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imaginative kind that in an earlier age discovered continents and 
mirrored the world in sonnets. He is a plant physiologist, once a 
scholar of Clare College, Cambridge, then a fellow, and, for good 
measure a Rosenheim Research Fellow of the Royal Society. By 
the early 1970s he was all set to attain the dream of most career 
scientists, a professorship in the university of his choice, when he 
decided to look at whole plants growing in fields rather than bits of 
plants in the laboratory. He went to Hyderabad, India, in 1974. 
And there he wrote the first draft of A New Science of Life. 

The second reason for taking Sheldrake seriously is that the 
science in his ideas is good. To absorb what he says involves what 
Thomas Kuhn off-puttingly termed a paradigm shift, which means 
putting aside our assumptions on how the world works. This is 
an uncomfortable thing to do. However the notion of modern 
mechanistic science that we have indeed identified all the major 
forces and fields at work in the world is astonishingly presump- 
tuous. It is also untestable and therefore, by Karl Popper’s criterion, 
unscientific. Thus, if anything is unexplained (as a remarkable 
number of biological phenomena are), the mechanists suggest that 
a little more knowledge, a little more research along the same 
lines, will produce the answer. The underlying argument, that the 
future will sort out all the problems, is untestable, and therefore 
unscientific. 

In contrast, what Sheldrake proposes is scientific. This does not 
mean that it is right, but that it is testable, for example by finding 
out whether a rat learning a trick in New York makes it easier for a 
rat of the same strain subsequently to learn the same trick in 
London. (Sheldrake would like to have done this experiment, but 
it is hard for a plant physiologist to get a Home Office licence to 
work on rats, especially when the idea at stake involves a ‘paradigm 
shift’.) 

The third reason for taking Sheldrake seriously is that other 
people do. The argument that we should all be Catholics because 
the Pope is a clever man might not cut a lot of ice. But as 
Sheldrake says, the scientists who take him most seriously and sit 
up at nights working through the implications are the ones who 
ought to be the most affronted: the physicists. No-one who has 
worked with particles within particles, or distances and tempera- 
tures that are so out of scale with what humans can comprehend, 
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could doubt that the modest ‘morphogenetic’ fields that Sheldrake 
proposes could indeed exist. 

If the experiments that Sheldrake suggests will test his ideas do 
not work, and go on not working, he will be shown to be wrong. 
That’s life, he says. More to the point, that’s science. 

Colin Tudge 
(New Scientist, 18 June 1981) 


The ensuing correspondence was summarized by Roy Herbert in the 
New Scientist’s ‘Forum’ section. 


Action at a distance 

Readers accusing each other of pomposity, of perpetrating non- 
sense and sophisticated methodological falsificationism are the 
stuff of life to correspondence columns, so the epistolatory conse- 
quences of Rupert Sheldrake’s article on ‘formative causation’ in 
New Scientist (18 June, p. 766) and the later review (16 July, 
p. 164) of his book on the theory brought a welcome liveliness. To 
follow the exchange of argument and polite invective may have 
proved something of a strain on the vocabulary with words such as 
‘entelechy’ and ‘organismic’ flying about, not to mention phrases 
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such as ‘paradigm shift’, but it has been rewarding to see the 
mixture of dismissal, caution, non-commitment and outright 
approval displayed in letters over the past few weeks. Not the least 
interesting was a claim from Ninian Marshall that the theory, or an 
extremely similar one, was put forward 20 years ago, though the 
suggestion that this is evidence for the theory is dubious. Perhaps 
it simply means that most people can read. 

Colin Tudge, who originally said, approximately, that because 
Sheldrake’s theory could be tested it was, therefore, science, may 
have expected to get into deep water but Lewis Wolpert is inclined 
to go deeper. He has a hypothesis that Tudge is being subverted 
by Martians and in order to test this would like Tudge to agree to 
being kept in isolation in a room surrounded by water for six 
months, adding sinisterly that other journalists would benefit from 
this by cosmic resonance (Letters, 30 July, p. 306). 

The magazine, of course, cannot print all the letters on the 
subject, many of which were satirical, including near-positive proof 
that the price of gold is influenced by the electronic impact 
spectrum of propyne. Some charged wildly off into the thickets of 
semantics and others into rare systems of philosophy, mostly 
personal, one stating that the whole subject was easily explainable 
if you admitted the existence of the soul. 

One point made by a correspondent is that human beings are 
concerned in crystallization experiments and in observing the 
behaviour of rats and so may be influenced by what they know. So 
might the rats be influenced, by telepathy from humans or, indeed, 
from other rats. An experiment with rats in Y-mazes could be 
mounted, says another letter, in which rats are tested in London, 
once only, for right or left preference. Then a huge number of rats 
in Buenos Aires could be trained to prefer the left and an equal 
number of rats in Jakarta trained to do the opposite on a date kept 
secret from the London researchers. The writer says that he is 
prepared to bet that nothing will happen to the preferences of the 
British rats. The suspicion that the Buenos Aires and Jakarta rats 
would cancel each other out might be a factor he has overlooked. 

A number of correspondents remarked that if formative causation 
were true it would by now have become not simply testable, but 
blindingly obvious and quoted examples in evidence against it. 
Why, since so many people in history have learned to speak 
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Chinese, can’t we all learn it with ease, or even be born able to 
speak it? Or are we not ‘similar’ to people in China? The language 
question was quoted more than once, one writer saying that as far 
as he could see, formative causation would have had us all speaking 
the same language long before now. A terse letter from Plymouth 
said never mind about rats; there is no acceleration whatsoever in 
children’s rate of apprehension in schools, though successive 
generations learn the same tricks year after year. 

From the Chaire de Génétique et de Microbiologie at the Ecole 
Nationale Supérieure Agronomique de Montpellier, Professor 
J.F.T. Spencer suggests that as the hypothesis of formative caus- 
ation leads logically to the expectation that physical events affecting 
one group of living organisms should influence the development of 
other groups of the same species we should take a closer look at 
circumcision. As the Jews have practised this for thousands of 
years, the foreskins of Caucasian peoples, in particular, should 
have been getting shorter over that time. Either the hypothesis is 
_ incorrect, or, long ago in history, human beings had tremendously 
long foreskins. Remote groups might have been less affected, in 
which case measurement of foreskin length among say, Easter 
Islanders or Australian Aborigines might provide useful data and 
employment for anthropologists. [Note: see p. 139.] 

It is relatively easy to be scornful about formative causation and 
most letters were. In some people’s eyes this is a point in its 
favour, as they can then cry that lots of other ideas have been 
lampooned and later found to be correct. Only one letter took 
exception to Rupert Sheldrake’s analogy with the television set. 
Analogy is always dangerous because it is almost impossible to find 
an accurate example. The television set, the reader knows is 
influenced from outside and he is therefore predisposed to accept- 
ance of the idea of formative causation. But a television set is a 
television set and not a model of the Universe. 

Roy Herbert 
(New Scientist, 6 August 1981) 


Meanwhile, A New Science of Life had been reviewed in most of the 
major British newspapers, generally favourably. Here, for example, is the 
review from the Sunday Times, by Dr Bernard Dixon. 


— 
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Cabbages or kings? 

‘If vitalism is such a valuable method of thinking, would you give 
us a valuable thought?’ Sir Peter Medawar once quizzed one of his 
fellow participants during a scientific symposium. The remark 
(unanswered) was delivered with an understandable blend of 
irritation and humour. For over a century now, there have been 
those who have resisted scientists’ pretensions to describe the 
marvels of nature in exhaustive detail. Something additional to 
physics and chemistry is required, these thinkers argue, if we are 
to understand the categorical difference between organic and 
inorganic matter. Approaches such as vitalism and holism have been 
formulated accordingly while countless authors, from J.C. Smuts to 
Hans Driesch, have offered us more profound alternatives to 
‘reductionism’. 

During these same decades, however, the triumphant develop- 
ment of modern biology and medical science has owed everything 
to that very same mechanistic stance in the laboratory. Materialism, 
rather than belief in supra-material forces, has spawned life-saving 
antibiotics, lifted intolerable burdens from severely depressed 
patients and revealed the structure of DNA. Sir Peter’s impatience 
is well-founded. 

But unease persists in the other camp too — among those 
who are logically or intuitively unable to accept thorough-going 
materialist orthodoxy. A merit of Rupert Sheldrake’s extraordinary 
book is that it begins by spelling out coolly and accurately the 
grounds for such dissatisfaction. With a welcome lack of evangelical 
fervour, Dr Sheldrake reminds us that, despite the cracking of the 
genetic code, biological science retains a substantial portfolio of 
unsolved problems. 

The moving forces behind evolution, for example, are by no 
means comprehensively described. The origin of life — notwith- 
standing confident assertions to the contrary — remains an open 
question. Above all, as far as Sheldrake is concerned, we have the 
challenge of trying to understand what shapes the form, develop- 
ment and behaviour of living organisms. 

One answer to the persistence of these riddles is simply that 
they concern very, very complex systems. Although we can describe 
in exquisite detail parts of the hereditary blueprints which deter- 
mine characteristics of cabbages and kings, tortoises and tape- 
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worms, vastly more remains to be learned. But given the conceptual 
and practical returns already won via a mechanistic approach, we 
have every justification for confidence that even the most perplexing 
problems of brain and behaviour will succumb to the same 
investigational strategy. Alternative analyses are irrelevant. 

Perhaps, though, some hefty difficulties remain. A particular 
challenge is posed by the phenomenon of differentiation. How 
does a fertilized egg metamorphose, stage by stage, into a baby, a 
blackbird or a Bombay duck? Orthodox theory holds that DNA in 
the egg functions like a computer program, specifying the creature 
concerned and directing its development. As identical DNA copies 
are passed on to all cells, however, it is difficult to see how this 
process can generate tissues as utterly different as heart muscle 
and toe-nails, white blood cells and dental pulp. 

So, while much has indeed been learned about differentiation, 
scientists trying to explain its causes soon retreat into what Shel- 
drake calls ‘vague suggestions about physico-chemical interactions 
somehow structured in time and space. The problem is merely 
restated.’ His answer, with due respect to vitalism and materialism 
but concurrent with neither, is that living organisms are shaped by 
‘morphogenetic fields’ of a type unknown to science. These fields 
impose particular patterns and are derived from those associated 
with previous similar creatures. 

In other words, things develop one shape rather than other 
possible shapes because similar systems were organized in that way 
in the past. In addition to well-understood forces, Dr Sheldrake’s 
fields help determine the structures not only of cabbages and 
kings, but also of non-living objects such as chemical crystals — 
and indeed patterns of behaviour too. Via what he calls ‘morphic 
resonance’, these influences carry across both space and time. 

Being a serious scientist, Sheldrake must expect most of his 
colleagues to dismiss vague suggestions of this sort as gratuitous 
metaphysics. But Occam’s Razor is not a particularly appropriate 
weapon to use against him, in an area which could well benefit 
from new perspectives. His tightly argued case does merit attention. 

I have two complaints, one of them closely linked with the 
book’s principal virtue. First Sheldrake gets into terrible trouble 
when, though placing his morphogenetic fields beyond the under- 
standing of contemporary science, he tries to picture them. Second, 
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this popular book presenting a heterodox scientific thesis is perplex- 
ingly short on experimental data. Unlike many works seeking to lay 
bare the limitations of mechanistic biology, it does contain some 
hard evidence. Most remarkable are the results of tests conducted 
in Harvard, Edinburgh and Melbourne suggesting that if rats are 
trained to perform a particular task, other rats elsewhere in the 
world will develop a tendency to learn the same skill more easily. 
But the most recent of these investigations — hotly controversial at 
the time — was completed three decades ago. Why, with research 
facilities at his command, has Dr Sheldrake not pursued this 
matter practically as well as philosophically? 

Despite intermittent criticisms, Sir Karl Popper’s standards of 
testability and even falsifiability still hold sway in determining the 
status of a scientific theory. To Rupert Sheldrake’s considerable 
credit, he has suggested several elegant, inexpensive ways in which 
some bizarre notions could be assessed experimentally. By the 
same token, his decision to write this seductive and plausible book 
before doing the necessary benchwork must be counted a grave 
defect. 

(Sunday Times, 28 June 1981) 


Reviews also appeared in a wide variety of periodicals. These are some 
extracts. 


Dr Dennis Summerbell, The Biologist (November 1981) 

Not just another crank book but an attractive and sound presen- 
tation of an improbable hypothesis. The author argues that all life 
phenomena are not explicable in terms of the currently known 
physical and chemical constraints, and then presents an hypothesis, 
‘formative causation’, that bridges the gap. The principle of the 
hypothesis is that the structure of pre-existing systems affects the 
genesis of subsequent similar systems by a cumulative influence 
that acts across time and space so as to conserve form. The 
mechanism he evocatively calls ‘morphic resonance’. 

Sheldrake does not dismiss or attack the laws of science but 
presents his theory within an orthodox scientific framework, accept- 
ing the value of the reductionist approach and providing a strong 
counter to vitalism. The book is well written, provocative and 
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entertaining, and Sheldrake’s scholarly approach includes excellent 
summaries of current beliefs in many fields of life science. 
Improbable? Yes, but so was Galileo. 


Lois Wingerson, World Medicine (July 1981) 

Wild as they seem, Sheldrake’s ideas are difficult to refute on 
logical grounds when they are read in detail. At the least, they 
provide a good test case of the creative flexibility of biologists’ 
minds. 


Dr P.E. Hodgson, The Tablet (25 July 1981) 

In spite of many impressive advances in genetics and molecular 
biophysics, we still lack a detailed understanding of the evolution 
and development of living organisms. Darwin’s theory of natural 
selection provides a plausible mechanism for microscopic evolution 
but the processes responsible for major changes remain obscure. 
How, for example, can an extremely complicated system like an 
eye or a feather develop in this way when intermediate forms 
would probably hinder survival? In addition to these problems of 
the origin of forms, there are other difficulties in accounting for 
their growth and behaviour. 

Such problems have sometimes been solved by postulating 
divine intervention, a move both theologically objectionable and 
scientifically suicidal. It is an impoverished conception of God’s 
creative power that requires him to be continually tinkering with 
creation in this way; in such situations the remedy is to intensify 
scientific research. 

For many years biologists have postulated organizing factors, 
entelechies or morphogenetic fields that guide the development of 
new structures. By itself this is not helpful unless we can say how 
such fields work. Now Dr Sheldrake carries this idea further . . . 

The hypothesis of formative causation refers to objectively 
observable regularities and so can be tested in physical, biological 
and psychological systems. It provides a new way of looking at many 
puzzling phenomena and if confirmed could greatly contribute to 
the unification of the sciences. 


Professor Mary Hesse, Theology (Vol. 85, 1982) 
The hypothesis is a startling and exciting one, and it is to be hoped 
that its potentialities outside biology will be explored, as well of 
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course as its implications within biology, upon which its credentials 
must ultimately rest. ... Sheldrake’s hypothesis has potentialities 
for the description of a sequence of system-levels even, perhaps, 
reaching up to the perennial religious problem of how to express 
God’s providential dealings with the world. 


Stephen Clark, Times Literary Supplement (12 March 1982) 

What is the theory’s importance? Perhaps none: for it may be 
that its predictions are not confirmed. Other, more mathematical 
theories may survive a refutation or two — Sheldrake’s probably 
won’t survive many failed predictions, though some form of organi- 
cism seems incumbent on us. If it does perform better than its 
rivals, we may set about detecting these fields by other means. 
What metaphysic will go along with the theory seems uncertain: it 
is compatible with a modified materialism, or with dualism, animism 
or theism, or even with idealism. Those questions must still be 
answered at their own level. If no one bothers to try at all, it 
should not too easily be assumed that this is because the good 
sense of scientists is to ignore fatuous hypotheses. More likely, 
there isn’t any money, and too much ill-judged metaphysics. 


Dr Brian Goodwin, New Scientist (16 July 1981) 
The extraordinary variety of plant and animal forms, and the 
orderly transformations which organisms undergo during their 
development, are what most distinctively characterize the biological 
realm. So it is not surprising to find that some of the most 
animated debates among biologists over the past two centuries 
have been concerned with the appropriate way to understand 
how specific forms and their variants emerge generation after 
generation. The last two or three decades have, however, witnessed 
little real dialogue on the problem of biological form because it has 
been generally assumed that, between them, genetics and molecular 
biology would give solutions to the problems of inheritance and 
morphogenesis. The genetic programme, the repository of instruc- 
tions encoded in the DNA and selected for the capacity to generate 
organisms with morphologies and behaviour patterns adapted to 
specific environments, seemed the answer. 

However, answers in science mean specific theories defining 
necessary and sufficient conditions for particular processes, with 


specific, testable predictions, and no one has yet defined exactly 
how the genetic programme is supposed to generate organisms of 
specific form and behaviour. What it can do is control the 
production of specific molecules and macromolecules in particular 
parts of the organism at particular times in its development. The 
assembly of large molecules into the characteristic structures of 
cells, and these into organisms of specific form, is generally 
assumed to follow either from the known laws of physics and 
chemistry, or from yet-to-be-discovered extensions of these. 

What Rupert Sheldrake offers in his clearly-written book is a 
radically different solution. .. . 

The concepts developed by Sheldrake and used to explain 
morphogenesis and behaviour sound thoroughly vitalistic. However, 
he argues that his approach is not so much vitalistic as organismic, 
in the sense of A.N. Whitehead’s philosophy of organism, since he 
applies the principle of formative causation to the physical as well 
as the biological realm. Thus physical morphogenesis such as 
condensation of subatomic particles to form atoms, atoms to form 
molecules, and molecules to form liquids and crystals, are all 
treated in terms of the same causal principles as those assumed to 
be operating in living organisms. Furthermore, his specific predic- 
tions about the outcome of clearly-defined experiments contrast 
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with the absence of such tests from previous vitalist theories in 
biology. Therefore Sheldrake considers that his approach to bio- 
logical form and behaviour is rigorously scientific and that its 
experimental consequences are spelt out much more clearly than 
those dependent on the concept of a genetic programme. 

The virtues of this book lie in the clarity of treatment and the 
deductive rigour which Sheldrake brings to the examination of a 
central biological problem. Whether or not one agrees with his 
proposals, and I find myself reluctant to share his views because of 
the dualism he introduces into science in the form of energetic and 
non-energetic fields, it is quite clear that one is dealing here with 
an important scientific inquiry into the nature of biological and 
physical reality. 


The hypothesis was discussed on several radio programmes in Britain, the 
United States, Australia and Western Europe, and was widely publicized 
in newspapers and magazines, ranging from The Times to the Evening 
Standard, from Science Digest to Harper’s and Queen, and from 
Omni to the Spectator. The Guardian devoted an editorial to the 
subject: > 


Darwin revisited 

In spite of its long tenure at the centre of the scientific stage, the 
neo-Darwinian theory of evolution — mutation regulated by natural - 
selection — remains only a tantalizing hypothesis. Tantalizing 
because it squares with so many of the facts as known, hypothetical 
because it does not square easily with all of them. There is nothing 
uncommon about that: most scientific principles are hypotheses 
awaiting disproof or improvement. In the neo-Darwinian case, 
however, it was long assumed, at least among laymen, that biologists 
were happy with what they had got and were not expecting radical 
changes. That is not so. There is something of a ferment of ideas 
attempting to grapple with the central doubt about mutation and 
natural selection, namely that even over long stretches of time they 
seem an inadequate means of accounting for the diversity of life 
and the high specialization of the cells and organisms composing 
it. Hence biologists, or at least the sceptics among them, will not 
let go of Lamarck, who pioneered the heretical belief that acquired 
characteristics can be inherited. 
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Lamarck’s is not an easy theory to grapple with because it 
requires the experiences undergone by an organism to change the 
structure of that organism’s genes so that the experience is passed 
on to an offspring. A timely contribution to this debate of which a 
good deal more is likely to be heard has now come from a British 
biochemist, Dr Rupert Sheldrake, in his book A New Science Of 
Life: The Hypothesis Of Formative Causation (Blond and Briggs, 
£12.50). Dr Sheldrake suggests that there is more than one 
influence on the development of an organism; that its physical and 
chemical structure as determined by the gene, in the case of 
animals and plants, is supplemented by a behavioural pattern 
supplied by previous and contemporary members of the same 
species. Thus if rats learn a trick by the usual methods of reward 
and punishment other rats, not necessarily only the offspring, 
should learn the trick faster. 

According to Doctor Sheldrake experiments have shown that 
they do indeed learn faster. Or consider the cuckoo: it never sees 
its parents; adult cuckoos gather and migrate long distances towards 


“So what if Uncle Bertie ran an identical maze in London! l'm still lost.” 


(Discover, December 1981) 
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the end of summer; a month later young cuckoos gather and 
migrate to the same place. It is hard to explain such phenomena by 
the mechanistic rules of neo-Darwinism, which is why the debate 
keeps breaking so absorbingly forth. : 

(The Guardian, 27 July 1981) 


This publicity (which I had not at all expected) formed the background to 
an extraordinary editorial attack in Nature: 


A book for burning? 

Books rightly command respect, even affection. They are the 
products of sustained creative work, and even if their authors’ 
ambitions are not fully realized, find a niche somewhere as pebbles 
on the beach of scholarship and literature. And even bad books 
should not be burned; works such as Mein Kampf have become 
historical documents for those concerned with the pathology of 
politics. But what is to be made of Dr Rupert Sheldrake’s book 4 
New Science of Life, published in the summer (Blond and Briggs, 
London, 1981)? This infuriating tract has been widely hailed by 
the newspapers and popular science magazines as the ‘answer’ to 
materialistic science, and is now well on the way to being a point of 
reference for the motley crew of creationists, anti-reductionists, 
neo-Lamarckians and the rest. The author, by training a biochemist 
and by demonstration a knowledgeable man, is, however, mis- 
guided. His book is the best candidate for burning there has been 
for many years. 

The argument is simple. If physicists cannot confidently calculate 
crystal structures or molecular configurations ab initio from a 
simple knowledge of their ingredient atoms, surely it is unthinkable 
that molecular biologists will be able accurately to relate the genetic 
structure of an organism to the successive phenotypes that arise 
during the course of its development? And the difficulty is not 
merely computational. Do not the cells of arms and legs contain 
exactly the same DNA, Sheldrake asks? And how can it be that the 
very similar genomes of human beings and chimpanzees give rise 
to very different phenotypes when, in Drosophila, much larger 
differences of genotype specify flies that are very similar in form? 
Sheldrake’s way of dealing with these and other observations is to 
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borrow from embryology the vague notion of the morphogenetic 
field, the name given to the largely unidentified influences that 
give shape to a developing organism, and then to exalt this into a 
kind of universal agency. All aggregations of matter, animate or 
otherwise, are supposed to be exposed to a great variety of 
morphogenetic fields which fill the whole of space and which travel 
forwards in time. The effects of these morphogenetic fields (which 
are otherwise not described) are to ensure that particular aggre- 
gations of matter take on the form assumed by similar aggregations 
of matter elsewhere or at some earlier time. This is the ‘hypothesis 
of formative causation’ — the subtitle of the book. The inherit- 
ance of acquired characteristics is at a stroke explained. Jung’s 
collective unconscious is made inevitable. Instinctive animal behav- 
iour becomes a non-problem, for there will be a morphogenetic 
field that ensures that each set of neurones in each central nervous 
system is put into an appropriate correspondence. 

This argument would not be taken seriously were it not that 
others have done so. As things are, however, Sheldrake’s book is a 
splendid illustration of the widespread public misconception of 
what science is about. In reality, Sheldrake’s argument is in no 
sense a scientific argument but is an exercise in pseudo-science. 
Preposterously, he claims that his hypothesis can be tested — that it 
is falsifiable in Popper’s sense — and indeed the text includes half a 
dozen proposals for experiments that might be carried out to verify 
that the forms of aggregations of matter are indeed moulded by the 
hypothetical morphogenetic fields that are supposed to pervade 
everything. These experiments have in common the attributes of 
being time-consuming, inconclusive in the sense that it will always 
be possible to postulate yet another morphogenetic field to account 
for some awkwardly inconclusive result and impractical in the 
sense that no self-respecting grant-making agency will take the 
proposals seriously. This, however, is not the most serious objection 
to Sheldrake’s attempt to endow his argument with an appearance 
of orthodoxy. The more serious objection to his argument is that it 
says nothing of any kind about the nature and origin of the crucial 
morphogenetic fields and contains no proposals for investigating 
the means by which they are propagated. Many readers will be left 
with the impression that Sheldrake has succeeded in finding a 
place for magic within scientific discussion — and this, indeed, may 
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have been a part of the objective of writing such a book. But 
hypotheses can be dignified as theories only if all aspects of 
them can be tested. Sheldrake’s hypothesis is no better than the 
hypothesis that a person equipped with a water-divining rod is able 
to detect subterranean water as a consequence of some intervening 
‘field’ generated by the presence of water, and his proposals for 
experimental tests no better than the argument that since water- 
diviners succeed in making money, there must be something in the 
theory. 

It is naturally distressing that these plain truths are not more 
widely understood. It is also a misfortune that the public expectation 
of what science can accomplish, now coloured by Dr Sheldrake’s 
argument, should so conspicuously lack patience. Sheldrake’s 
argument takes off from his catalogue of the ways in which the 
molecular biologists, no doubt the shock-troops of the reduction- 
ists, have so far been unable to calculate the phenotype of a single 
organism from a knowledge of its genotype. But so what? Have 
not the past twenty years shown clearly enough that molecular 
explanations of biological phenomena are, contrary to some earlier 
expectations, possible and powerful? And who says that molecular 
biology must be counted as a failure for as long as embryology is 
not a branch of mathematics? Dr Sheldrake, whose background 
should have enabled him to know better, has done a great disservice 
by helping to give currency to these misconceptions and false 
expectations. His book should not be burned (nor even confined to 
closed shelves in libraries) but, rather, put firmly in its place among 
the literature of intellectual aberrations. 

(Nature, 24 September 1981) 


However, far from consigning the hypothesis to oblivion, this attack 
caused even more public interest, and provoked immediate reactions. The 
editor of the New Scientist, Michael Kenward, responded as follows: 


Burning editorials 

They are at it again in Little Essex Street. Last week’s Nature has 
an editorial entitled ‘A book for burning? While most ‘popular 
science magazines’, (like ours) to use a phrase culled from the 
editorial, prefer to review books with the reviewer’s name 


228 Appendix 


appended, Nature slams anonymously into Dr Rupert Sheldrake’s 
book A New Science of Life. . . . 

Readers — of both Nature and New Scientist — with memories will 
recall a similar episode when Nature launched an attack on a 
scientist with somewhat unorthodox ideas not long ago. Then the 
battered scientist was Ted Steele. Does this mean that Nature has 
abandoned the scientific method whereby ideas are launched on to 
the world to be tested by the scientific community? Or are we to 
have trial by editorial? 

Michael Kenward 
(New Scientist, 1 October 1981) 


The controversy was reported on The World Tonight (BBC Radio 4) 
on 30 October 1981; and the programme included a 15-minute discussion 
between myself and the editor of Nature, John Maddox, together with 
Janet Cohen. This is how it concluded: 


Maddox: If I might put it like this, Dr Sheldrake, what you are 
saying if I understand your book correctly, and if I have understood 
you just now correctly, is that because you start off with a fertilized 
cat’s egg, a fertilized cat’s ovum, and because somewhere in space 
and time there is a ‘Cat Field’ that egg will be guided towards the 
shape of first of all an infant cat — a kitten, and then towards the 
shape of an adult cat. Is that right? 

Sheldrake: Yes. What I am saying is that these things that give 
rise to patterns in nature, particularly the patterns or forms or 
structures of living organisms, are not really governed by timeless 
laws or simply by the chemicals they inherit, although the chemicals 
they inherit are very important, but that they are more like habits 
and they depend on what has happened in the past and how often 
it has happened. 

Maddox: One of Dr Sheldrake’s problems is that not merely 
does he require a morphogenetic field for cats, but he requires a 
morphogenetic field for Abyssinian cats, Siamese cats, for ordinary 
tom cats in the alley, and the sheer complexity of this inter- 
penetrating set of fields really does make the mind boggle. Particu- 
larly when one recognizes that cats are only one of a few million 
species. 
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Sheldrake: The thing that is mind-boggling is the sheer diversity 
and complexity of nature. I mean there are all these different kinds 
of animals and plants. And if we are to understand why there can 
be so many different kinds of cats and so many other different 
kinds of animals and plants and birds and so on, then the 
complexity of nature is a fact: the problem is how to explain it. 

Maddox: Well, Dr Sheldrake, there is a very elementary, and I 
admit qualitative, but nevertheless suggestive explanation. You 
have talked about the molecules of DNA, the constituents of the 
chromosome of every living creature, and the molecular biologists 
since the late 1940s have been pointing out that the number of 
variations you can play on the chemical constitution of a single 
DNA molecule of the size one finds in a human organism, is quite 
sufficient to explain far more than the diversity of species now 
alive. 

Sheldrake: I am perfectly well aware of course that the conven- 
tional view among molecular biologists is that this in time will be 
solved in conventional ways. But my point is simply this, this is an 
act of faith on their part, and through the whole history of 
development biology and embryology there have been people who 
have dissented from that kind of view. 

Maddox: The conventional scientific view, which I think is 
entirely proper, is that there is no particular point in inventing 
theories which in themselves require a tremendous feat of imagin- 
ation and constitute an assault on what we know about the physical 
world as it stands, when there is at least a chance, and in this case 
a good chance, in my opinion, that conventional theories will in 
due course provide an explanation. 

Could I explain to Dr Sheldrake why I feel so strongly about his 
book? I do think these interesting questions you describe are 
actually non-questions. By that I mean that I know of no convincing 
evidence to suggest that the phenomena — the collective uncon- 
scious, the paranormal, and so on — that these are real phenomena. 
And while it is entirely right and proper that people in their arm- 
chairs should sit back and wonder how it is that this or that spoon 
bends in the hands of somebody, but not in the hands of somebody 
else, I do think it is the business of serious, sober scientists, if you 
like — and that is where I acknowledge that I am sounding a bit 
crusty — to concern themselves with problems that are real. I am 
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very worried indeed at the way that this will have comforted all 
kinds of anti-science people. 


In Nature’s Correspondence columns, letters on this subject continued to 
appear for months. Here are some of them. 


Incendiary subject 

Sir — Perhaps you are right, after all, to describe Dr Rupert 
Sheldrake’s A New Science of Life as a book for burning. For after 
seeing the disastrous effect Sheldrake’s book has wrought upon 
the detachment, not to say the common sense, of one with the 
responsibilities of the editorship of Nature, I shudder to contem- 
plate the effect upon the ordinary man. 

But perhaps it is the influence of a pulpit from which to 
denounce scientific heresies that is the danger, rather than the 
book itself. For surely there is nothing in the book to raise 
excitement to the point of lumping together ‘creationists, anti- 
reductionists, neo-Lamarckians and the rest’. For scientists, the 
worst a book can do is to waste their time. You could have served 
us better by arranging for the publication of two careful and 
opposed critical reviews. For non-scientists, unhelpful books 
abound. Their ability to mystify science is as nothing compared 
with strenuous attempts to declare an orthodoxy. 

ROBERT HEDGES 
Oxford University, UK 


SIR — I must voice my grave concern that, in the influential editorial 
pages of Nature, reasoned argument has given way to the emotional 
outburst of your comment ‘A book for burning?? Amid many 
heated adjectives you condemn Dr Sheldrake’s A New Science of 
Life as ‘the best candidate for burning there has been for many 
years’ because (a) his claim that it can be tested is ‘preposterous’, 
and (b) the theory is incomplete regarding the ‘nature and origin’ 
of the morphogenetic fields postulated by Sheldrake and ‘the 
means by which they are propagated’. The second reason is, you 
say, ‘more serious’, adding that ‘hypotheses can be dignified as 
theories only if all aspects of them can be tested’. 

This second objection, if it were partial grounds for making a 
publication a candidate for burning, would prevent the publication 
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of any hypothesis until it had been articulated to its last detail — a 
sure method of stifling all innovation. 

For the first objection, (a) above, three arguments are advanced: 
(i) the experiments are time consuming; (ii) it would be possible to 
explain away negative results; (iii) no grant-making agency would 
support the experiments. Argument (i) would condemn all research 
into inheritance, not just that proposed by Sheldrake; argument (ii) 
applies in principle to any experiment, but is in this case vacuous 
since Sheldrake clearly states that he would regard failure as 
disproof; and argument (iii) is equally empty in its appeal to ‘higher 
authority’ without any indication as to why no agency would 
support the experiments. 

I share Nature’s concern expressed in the comment that the 
public should not gain the impression that science contains 
irrational elements. But the way to combat this impression is by 
displaying rationality. 


Comments and controversies 231 


CJ.S. CLARKE 
- University of York, UK 


Sir — In a leading article you reject Dr Sheldrake’s morphogenetic 
fields as ‘pseudo science’ on the grounds that he does not prescribe 
their nature or origin, or discuss how their laws of propagation 
might be discovered. But the properties of heat, light and sound 
were investigated long before there was any understanding of their 
true nature, and electricity and magnetism originally had exactly 
the status that you criticized in the hypothetical water-divining 
example. Were such investigations pseudoscience? 

You claim that hypotheses can be dignified as theories only if all 
aspects of them can be tested. Such a criterion would bar general 
relativity, the black hole and many other concepts of modern 
science from being regarded as legitimate scientific theories. 

The discussion of Dr Sheldrake’s proposed experiments and 
their falsifiability is rendered void since it assumes a priori that the 
experiments will fail. 

The rapid advances in molecular biology to which you refer do 
not mean very much. If one is on a journey, rapid progress on the 
way implies neither that one is close to one’s destination, nor that 
the destination will be reached at all by continuing to follow the 
same road. 


232 Appendix 


By referring to ‘self-respecting grant-making agencies’ you show 

a concern not for scientific validity but for respectability. The 
fundamental weakness is a failure to admit even the possibility that 
genuine physical facts may exist which lie outside the scope of 
current scientific descriptions. Indeed, a new kind of understanding 
of nature is now emerging, with concepts like implicate order and 
subject-dependent reality (and now, perhaps formative causation). 
These developments have not yet penetrated to the leading jour- 
nals. One can only hope that the editors will soon cease to obstruct 
this avenue of progress, and instead encourage reviews of the field. 
B.D. JOSEPHSON 

University of Cambridge, UK 

(15 October 1981) 


Sheldrake’s truth 

Sır — I read with interest and alarm your editorial ‘A Book for 
Burning?’, in which you criticized Rupert Sheldrake’s new book 4 
New Science of Life (Blond & Briggs, London, 1981). In particular, 
a strong, sometimes even hysterical, attack was directed at Shel- 
drake’s alleged belief in the ‘failure’ of molecular biology and at 
his ‘vague notion’ that the idea of morphogenetic fields, developed 
by embryologists such as Conrad Waddington and elaborated 
mathematically by theoreticians such as René Thom, can find 
wider application in the life sciences. Sheldrake’s views were 
denounced as ‘pseudoscience’, ‘popularist’? and as introducing 
‘magic’ into science. It was implicit in the editorial that Sheldrake 
is to be considered as an exponent of the intellectually bankrupt 
nineteenth-century doctrine of vitalism, which has quite rightly 
been forced to yield place to the subsequently productive (but 
arguably no less mystical) reductionist schools of thought. 

If I understand Sheldrake correctly, it seems that his conception 
of molecular biology is not as a sterile failure, but as an important 
and crucial contribution to the analysis of problems of intracellular 
organization on which the physiology of the whole organism clearly 
depends. All Sheldrake appears to have done, then, is to state that 
the whole is not just the sum of its constituent parts and that 
higher organizational states cannot be understood in reductionist 
terms. Although his book is not without its scientific solecisms, 
Sheldrake has raised many stimulating arguments, and presents an 
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important landmark in the application of a formal geometry to 
living things as begun by Waddington and Thom. Certainly, I feel 
that the book is too important to dismiss easily, and in conclusion I 
should like to recall Milton’s dictum that ‘. . . Truth never comes 
into the World but like a Bastard, to the ignominy of him that 
brought her forth’. (The Doctrine and Discipline of Divorce, 1643-44). 
M.T. Isaac 

St Bartholomew’s Hospital Medical College, 

London, UK 

(29 October 1981) 


Harsh words 

Sir — Your comments on Dr Rupert Sheldrake’s book 4 New 
Science of Life are very harsh. One can hardly pretend that our 
current understanding of development and its genetic control is 
adequate. We should not even believe that it is oriented in the 
right direction. The concept of morphogenetic fields is neither 
unscientific nor without support from some distinguished embryol- 
ogists. If the same concept is extended to all aggregations of 
matter, animate or otherwise, it may be considered as a bold, 
hazardous, foolhardy or unwarranted generalization, depending on 
one’s attitude towards new thought. Just a hundred years ago if 
somebody suggested that the sequence of nucleotides in DNA 
constitutes the information required to make a fly, a frog or a man 
from a small bit of cytoplasm it would have been dismissed as 
preposterous. If there is no obvious way of testing experimentally 
Dr Sheldrake’s hypothesis of formative causation, it does not 
preclude its possibility in the future. 

Many embryological theories depend on recourse to morphogen- 
etic fields in spite of the recent progress in genetics and molecular 
biology. No real progress can be made in understanding the 
importance of these fields without identifying the nature of the 
variables along the gradients. Perhaps the only measurable variable 
to which the origin of a gradient can be traced is the concentration 
of diffusing substances. Positional information which adds a new 
dimension to the concentration of diffusing substances is also now 
accepted as a fundamental mechanism of morphogenesis. However, 
even these powerful theoretical tools have not successfully 
accounted for any single embryological event. In fact it would be 
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preposterous to assume that development of complex organisms 

can be explained solely on the basis of the current’ theoretical 

platform on which molecular biology stands. Recourse to new 

conceptual frameworks and unconventional mechanisms is impera- 

tive to understanding complex biological processes such as 
morphogenesis. 

K. VASUDEVA RAO 

Department of Zoology, 

University of Delhi, Delhi, India 

(12 November 1981) 


Morphic field sports 

Sır — The rather intemperate reaction of Nature to Sheldrake’s 
hypotheses, against which Josephson has protested, is in part the 
result of Sheldrake’s own choice of Bergsonian — or Paracelsan — 
explanations for the effect he postulates, and in part the result of 
noncommunication between biology and physics. 

Had Sheldrake said that the quantum interconnectedness might 
extend to macrosystems, including biological systems, I do not 
think that Nature would have felt that its virginity was in peril. A 
model of interconnectedness does in fact flow from Bohm’s idea of 
explication. The experimental agenda is to see how far beyond the 
subatomic level this patterning extends. If particles correspond to 
the asteroids and spaceships of a video game, appearing to behave 
as objects subject to cause-effect, but being in fact virtual displays 
built up from pulses which bear no translational resemblance to 
the ‘display’, Darwinian evolution might well be (some would say, 
‘must be’) a video game of the same order, appearing to follow 
simple selection—adaptation principles, as the game-pieces appear 
to collide, explode and so on — but in fact determined by infor- 
mation from an implicate substrate. 

The relevance of interconnectedness to middle-order systems 
looks like a prime candidate for confirmatory research. If it were 
confirmed, Sheldrake would be both right in principle and wrong 
in his postulated mechanism of ‘morphic fields’; viewed in this 
way, his suggestion is far from absurd. 

One awaits with interest Nature’s reaction to the first book which 
points out that Bohm’s model also blows up the convention of 
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Helmholtzian mind. That suggestion might prove even more 
alarming than a physics-based neovitalism. 

ALEX COMFORT 

UCLA Neuropsychiatric Institute, 

California, USA 

(14 January 1982) 


Nature returned to the attack with a review by Professor D.R. Newth. 


A haunted house of cards 

The title of this book is misleadingly modest. The author is not 
content to propose only a new science of life, for he reassesses 
many features of the real world that have been revealed by natural 
science, and proposes that there exists a great conservative principle 
making itself felt as much, or more, by sub-atomic particles as in 
developing embryos or in the behaviour of human beings. The 
principle is that what happens, or has happened, can exert an 
influence that is without decrement in space or time upon future 
events of a similar kind. This influence acts to promote a repetition 
of what has gone before. The degree of similarity qualifying a 
living organism to respond to these is conspecificity. Not all 
decisions or events, however, are susceptible to the principle of 
‘formative causation’. 

The immediate recipient of the messages is a ‘morphogenetic 
field’ which guides formal change in its associated ‘morphogenetic 
germ’ until its prescriptions have been met and the ‘morphic unit’ 
is finally co-extensive with the field. The morphogenetic field 
blends the experience of all previous similar morphic units by a 
process of ‘morphic resonance’. Neither morphic resonance nor 
the obedience of the morphogenetic germ to the dictates of its 
morphogenetic field involve exchanges of matter or energy. 

This, I understand it, is the burden of Dr Sheldrake’s argument. 

It is, of course, brave to expound in little more than 200 pages 
so revolutionary a denial of everything that empirical science has 
made seem probable. Nor should we deny some leniency to the 
holders of really way-out ideas. They lack the support of a 
comforting background of assumptions held in common with their 
readers. But they should at least try to be clear, at whatever cost to 
their credibility. 
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Dr Sheldrake writes as Mrs Bloom daydreamed, with no one 
theme rigorously explored before it sets off another which before 
resolution gives way to something else again. It would be unkind to 
suggest that this is a device for escaping from difficulties, but even 
readers who are wholly unsympathetic might welcome a clearer 
view of the author’s position. For example, in discussing the 
limitations of morphic resonance he assumes that while past events 
can be effective now, future events cannot. While conceding that it 
is logically conceivable that they might be, he excludes the future 
on the ground of simplicity and remarks severely that ‘only if there 
were persuasive empirical evidence for a physical influence from 
future morphic events would it become necessary to take this 
possibility seriously’. Apart from the ambiguity of introducing 
physical influences into a discussion of extra-physical phenomena, 
one is left wondering why the same severity is not applied to the 
past. 

Indeed, Dr Sheldrake does believe that his ideas are capable of 
receiving support from experiment, but his proposals for exper- 
iments are curiously tentative and unsatisfactory. Thus ... if 
thousands of rats were trained to perform a new task in a laboratory in 
London, similar rats should learn to carry out the same task more quickly 
in laboratories everywhere else. If the speed of learning of rats in another 
laboratory, say in New York, were to be measured before and after the 
rats in London were trained, the rats tested on the second occasion should 

learn more quickly than those tested on the first. 

= Well, yes, but so they should without the London intervention, 
and any quantitative predictions in the operation of this hypothetical 
principle are so wholly arbitrary that the design of such experiments 
would be difficult indeed. Dr Sheldrake concedes this in his rather 
casual suggestions for a handful of‘investigations in each of which 
he describes a possible result supporting formative causation, but 
the opposite result is inconclusive. It would be a help if he could 
offer us predictions the failure of which would end the matter. 

Anyone tempted to take formative causation or morphic reson- 
ance seriously should ask themselves why. A world haunted by 
messages from the past, some, like those from morphic units of 
extinct species, destined to vibrate eternally and in vain while 
seeking a morphic germ with which to resonate, may have a poetic 
appeal. Unfortunately it may also appeal to a perverse fear of 
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scientific understanding. Dr Sheldrake explains early in the book 
that while some outstanding biological problems are difficult, others 
are, in principle, insoluble — for example, these associated with 
evolution and with the origin of life. Neither, as it happens, is 
suitable for the operation of formative causation, since they are 
creative and unique rather than repetitive. But by the end of his 
exposition one reader had the distinct impression that intrinsic 
insolubility had its own attractions for him and that the hypothesis 
of formative causation was his contribution to a happy state of 
confusion. 
D.R. NEWTH 
(5 November 1981) 


But in Nature’s Christmas Books Supplement, where eminent contribu- 
tors were asked to name the books they particularly enjoyed in 1981, 
Lord Ashby, FRS selected A New Science of Life, describing it as 
‘an astonishing challenge to orthodox theories of plant and animal 
development’. 

Articles about this hypothesis and the debate it has provoked appeared 
over the succeeding three years in newspapers, magazines and books in 
Britain, Australia, India, Japan, South Africa, the USA and throughout 
Western and Eastern Europe, and these ideas have been discussed on 
radio and television in at least 10 countries. The great majority of these 
discussions have been sympathetic to the new lines of investigation 
suggested by the hypothesis; but of course the controversy has not died 
down. For example, following an article about the hypothesis in the 
Guardian, Professor Lewis Wolpert, FRS took up arms again: 


A matter of fact or fancy? 
The scientific analogy to the artist starving in the garret is that of 
the visionary outside the conventional laboratory whose ideas 
initially arouse scorn, but eventually become accepted. Certainly 
this is the view that the media so often give. Brian Inglis perpetuates 
it with his article (Body and Soul, December 28) in which he gives 
full support to the ideas contained in A New Science of Life by 
Rupert Sheldrake. 

Sheldrake has put forward the notion that in the biological world 
processes such as embryonic development, evolution and learning 
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involve a mystical process called formative causation. Central to his 
view is morphic resonance. He suggests that the ways a hand, or 
eye develop are only understandable in terms of morphogenetic 
germs in the cells which resonate with past forms, He thus rejects 
as inadequate the whole of genetics, embryology and evolutionary 
theory (not to mention learning theory) and claims to have found 
the answer to all these inadequacies in his new theory. 

Sheldrake’s views are just those of an updated Vitalist, mystical 
and useless as ever. The core idea is that the nature of living 
organisms can never be explained in terms of physics and chemistry. 
It is singularly bizarre that Vitalism should be revived at present, 
when molecular biology is being ever more successful. That it 
should be so welcomed must reflect a deep and genuine need in 
many people for mystical explanations that leave the soul intact 
and make our mortality more tolerable. Like religious beliefs, these 
have nothing to do with science. 

We know a great deal more about the development of pattern 
and form than Sheldrake acknowledges. His discussion of regener- 
ation is typical of his general approach. Many animals are able to 
regenerate lost parts. Sheldrake asserts that such biological regu- 
lation cannot be accounted for by any machine-like system. But 
this is to ignore our current understanding of, for example, one of 
the simpler regenerating systems — hydra. 

We do not have a complete understanding of how hydra regener- 
ates its head when it is removed or how a small but normal hydra 
regenerates from a fragment of a larger one, but there is a wealth 
of experimental detail and, more important, there are models which 
provide a very good account of the process of regeneration. They 
show unequivocally how a physico-chemical system could provide 
the basis for regeneration of pattern. None of this work in any way 
requires concepts like morphic resonance. It is also true that there 
are many aspects that we do not understand. But this is not to say 
that the processes present an impenetrable mystery: quite the 
contrary, we have a very good idea as to what questions we wish to 
answer. 

For a new theory to be taken seriously, it must at the very least 
deal with the current experimental data as well as current theories. 
Morphic resonance is totally hopeless in this respect since it does 
not even touch the data. It merely asserts the action of unmeasur- 
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able, nonquantifiable forces. But, cry its defenders, the theory is 
testable and therefore conforms to Popper’s criterion for science. 
This view completely misunderstands the nature of science. It is 
possible to hold absurd theories which are testable, but that does 
not make them science. Consider the hypothesis that the poetic 
Muse resides in tiny particles contained in meat. This could be 
tested by seeing if eating more hamburgers improved one’s poetry. 

One of the characteristics of pseudo science is its reliance on 
singular observations. Single cases can disprove a theory, but in 
order to give up the whole of genetics and development one would 
have to be very sure that the counter observations were correct. 
You could be persuaded that the Queen was a Russian agent, but 
because this would require you to give up all those beliefs and 
evidence that you had to the contrary, you would have to find the 
evidence overwhelming. So it is in science. 

Science does not advance by the work of cranks being initially 
rejected and then accepted. Quite the contrary. Science advances 
by means of people doing laborious and often difficult experiments, 
arguing with each other, changing their minds, thinking up new 
theories and modifying them in a large social enterprise. Certainly 
new ideas are often treated with scepticism and so they should be. 
But these ideas are within a common framework of scholarship. 

It is not surprising that Inglis suggests that Sheldrake’s ideas 
may provide a basis for understanding the paranormal. That would 
be explaining the unreal with the non-real: like multiplying zero by 
zero. 

Lewis Wolpert FRS is Professor of Biology as Applied to Medicine at 
The Middlesex Hospital Medical School. 

(11 January 1984) 


The theoretical models of regeneration in Hydra to which Professor 
Wolpert refers concern possible physical or chemical factors which might 
influence cells in different positions within the tissues to synthesize 
different proteins. However, this does not undermine the discussion of 
morphogenesis in this book, which in fact assumes for the purpose of 
argument that such factors could not only be postulated theoretically, but 
actually identified by empirical research (p.44). 
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A.2 Discussions 


I have had the good fortune to be invited to discuss the hypothesis of 
formative causation at conferences and seminars throughout Britain, and 
also in Austria, Canada, Germany, Holland, India, Switzerland, Sweden 
and the United States, within universities, research institutes and a 
variety of other organizations. I have been surprised by the extent of the 
interest in these ideas, both among scientists and non-scientists, and most 
surprised of all by the interest within the US Congress, where I addressed 
the Congressional Clearinghouse on the Future in June 1983. 

The discussions that I have had on these occasions have often been 
stimulating and valuable, and have given rise to all sorts of new ideas, 
some of which are being incorporated into a book I am currently writing. 
In addition to general discussions of the hypothesis and its implications, 
several scientific seminars have been held to consider in detail ways in 
which the hypothesis might be tested. (The proceedings of one of these 
have been published in a special issue of Investigations, copies of which 
can be obtained from the Institute of Noetic Sciences, 2658 Bridgeway, 
Sausalito, CA 94965, USA). And, of course, in addition to organized 
meetings and seminars, I have continued to discuss these ideas with 
friends and colleagues. Among scientists, I have found physicists tend to 
be more ready than biologists to entertain ideas of this type, and I have 
particularly enjoyed a series of discussions with Professor David Bohm, 
the quantum physicist. 

One of these discussions has been published in ReVision Journal, and 
part of it is reproduced here. David Bohm’s theory of the ‘implicate 
order’, referred to in this discussion, is based on his interpretation of 
quantum mechanics; the implicate order underlies the explicate order of 
separate and isolated thing-events extended in space and time, which are 
‘unfolded’ from it. (For a detailed account, see his book Wholeness and 
the Implicate Order, Routledge and Kegan Paul, London, 1980.) 


Bohm: Suppose we look at the development of the embryo, at 
those problems where you feel the present mechanistic approach 
doesn’t work. What would the theory of morphogenetic fields do 
that others don’t? j 

Sheldrake: The developing organism would be within the mor- 
phogenetic field, and the field would guide and control the form of 
the organism’s development. The field has properties not just in 
space but in time. Waddington demonstrated this with his concept 
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of the chreode [see Fig. 5, p. 54], represented by models of valleys 
with balls rolling down them towards an end-point. This model 
looks mechanistic when you first see it. But when you think about 
it for just a minute you see that this end-point, which the ball is 
rolling down the valley towards, is in the future, and it is, as it were, 
attracting the ball to it. Part of the strength of this model depends 
on the fact that if you displace the marble up the sides of the 
valley, it will roll down again and reach the same end-point; this 
represents the ability of living organisms to reach the same goal, 
even if you disrupt them — cut off a bit of embryo and it can grow 
back again; you'll still reach the same end-point. 

Bohm: In physics the Lagrangian law is rather similar; the 
Lagrangian falls into a certain minimum level, as in the case of the 
chreode. It’s not an exact analogy, but you could say that in some 
sense the classical atomic orbit arises by following some sort of 
chreode. That’s one way classical physics could be looked at. And 
you could perhaps even introduce some notion of physical stability 
on the basis of a chreode. But from the point of view of the 
implicate order, I think you would have to say that this formative 
field is a whole set of potentialities, and that in each moment 
there’s a selection of which potential is going to be realized, 
depending to some extent on the past history, and to some extent 
on creativity. 

Sheldrake: But this set of potentialities is a limited set, because 
things do tend towards a particular end-point. I mean cat embryos 
grow into cats, not dogs. So there may be variation about the exact 
course they can follow, but there is an overall goal or end-point. 

Bohm: But-there would be all sorts of contingencies that deter- 
mine the actual cat. 

Sheldrake: Exactly. Contingencies of all kinds, environmental 
influences, possibly genuinely chance fluctuations. But nevertheless 
the end-point of the chreode would define the general area in 
which it’s going to end up. 

Anyway, the point about Waddington’s concept of the chreode, 
which is taken quite seriously by lots of biologists, is that it already 
contains this idea of end-point, in the future, in time; and the 
structure, the very walls of the chreode, are not in any normal 
sense of the word material, physical things. Unfortunately Wad- 
dington didn’t define what they were. In my opinion, they represent 


242 Appendix 


this process of formative causation through the morphogenetic 
field. Waddington in fact uses the term ‘morphogenetic field’. Now 
the problem with Waddington’s concept is that, when he was 
attacked by mechanists, who maintained that this was a mystical or 
ill-defined idea, he backed down and said, well, this is just a way 
of talking about normal chemical and physical interactions. René 
Thom, who took up the concepts of chreodes and morphogenetic 
fields and developed them in topological models (where he called 
the end-points ‘morphogenetic attractors’), tried to push Wadding- 
ton into saying more exactly what the chreode was. Waddington, 
whenever pushed by anyone, even René Thom, backed down. So 
he left it in a very ambiguous state. 

Now Brian Goodwin and people like him see chreodes and 
morphogenetic fields as aspects of eternal Platonic forms; he has a 
rather Platonic metaphysics. He sees these formative fields as 
eternally given archetypes, which are changeless and in some sense 
necessary. It is almost neo-Pythagorean; harmony, balance, form 
and order can be generated from some fundamental mathematical 
principle, in some sort of necessary way, that acts as a causal factor 
in nature in an unexplained but changeless manner. 

The difference between that and what I’m saying is that I think 
these morphogenetic fields are built up causally from what’s 
happened before. So you have this introjection, as it were, of 
explicit forms, to use your language, and then projection again. 

Bohm: Yes. What you are talking about — the relation of past 
forms to present ones — is really related to the whole question of 
time — ‘How is time to be understood?’ Now, in terms of the 
totality beyond time, the totality in which all is implicate, what 
unfolds or comes into being in any present moment is simply a 
projection of the whole. That is, some aspect of the whole is 
unfolded into that moment and that moment is just that aspect. 
Likewise, the next moment is simply another aspect of the whole. 
And the interesting point is that each moment resembles its 
_ predecessors but also differs from them. I explain this using the 
technical terms ‘injection’ and ‘projection’. Each moment is a 
projection of the whole, as we said. But that moment is then 
injected or introjected back into the whole. The next moment 
would then involve, in part, a re-projection of that injection, and so 
on indefinitely. [Editor’s note: As a simplistic analogy, take the 
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ocean and its waves: each wave arises or is ‘projected’ from the 
whole of the ocean; that wave then dips back into the ocean, or is 
‘injected’ back into the whole, and then the next wave arises. Each 
wave is affected by past waves simply because they all rise and fall, 
or are projected and injected, by the whole ocean. So there is a 
type of ‘causality’ involved, but it is not that wave A linearly causes 
wave B, but that wave A influences wave B by virtue of being 
absorbed back into the totality of the ocean, which then gives rise 
to wave B. In Bohm’s terms, wave B is in part a ‘re-projection’ of 
the ‘injection’ of wave A, and so on. Each wave would therefore be 
similar to previous waves, but also different in certain aspects — 
exact size, shape, etc. Bohm is suggesting that there is a type of 
‘causality’, but one that is mediated via the totality of the implicate 
ocean, and not merely via the separated, isolated, explicate waves. 
This means, finally, that such ‘causation’ would be non-local, 
because what happens at any part of the ocean would affect all 
other parts.] Each moment will therefore contain a projection of 
the re-injection of the previous moments, which is a kind of 
memory; so that would result in a general replication of past forms, 
which seems similar to what you’re talking about. [Editor’s note: 
This is according to Bohm’s re-formulations of present-day quantum 
mechanics. In the following discussion, Bohm will point out 
that present-day quantum mechanics, as it is usually interpreted, 
completely fails to account for the replication of past forms, or the 
notion of temporal process, a failure that in part led Bohm to 
propose ‘injection’ and ‘projection’ via the implicate order.] 

Sheldrake: So this re-injection into the whole from the past 
would mean there is a causal relationship between what happens in 
one moment and what subsequently happens? 

Bohm: Yes, that is the causal relation. When abstracted from the 
implicate order, there seems to be at least a tendency, not necessarily 
an exact causal relationship, for a certain content in the past to be 
followed by a related content in the future. 

Sheldrake: Yes. So if something happens in one place at one 
time what happens there is then re-injected into the whole. 

Bohm: But it has been somewhat changed; it is not re-injected 
exactly, because it was previously projected. 

Sheldrake: Yes, it is somewhat changed, but it is fed back into 
the whole. That can have an influence which, since it is mediated 
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by the whole, can be felt somewhere else. It doesn’t have to be 
local. 

Bohm: Right, it could be anywhere. 

Sheldrake: Well that does sound very similar to the concept of 
morphic resonance, where things that happen in the past, even if 
they're separated from each other in space and time, can influence 
similar things in the present, over, through, or across — however 
one cares to put it — space and time. There’s this non-local 
connection. This seems to me to be very important because it would 
mean that these fields have causal (but non-local) connections with 
things that have happened before. They wouldn’t be somehow 
inexplicable manifestations of an eternal, timeless set of archetypes. 
Morphogenetic fields, which give repetitions of habitual forms and 
patterns, would be derived from previous fields (what you call 
‘cosmic memory’). The more often a particular form or field 
happened, the more likely it would be to happen again, which is 
what I am trying to express with this idea of morphic resonance 
and automatic averaging of previous forms. It’s this aspect of the 
theory that makes it empirically testable, because this aspect leads 
to predictions, such as: if rats learn something in one place, say a 
new trick, then rats everywhere else should be able to learn the 
same trick faster. That makes it different from Goodwin’s theory 
of eternal archetypes, which wouldn’t lead to that prediction, 
because they would always be the same. And this is where what 
Pm saying grows out of the tradition of thought that has been 
around in biology for 60 years, the idea of morphogenetic fields. 
These fields have always been very ill-defined, and have been 
interpreted either as Waddington did, to be just a way of speaking 
about conventional mechanistic forces, or by a Goodwin-type 
metaphysical approach. 

Bohm: Yes. Now if we were to use the analogy of the radio wave 
receiver which you discussed in your book: [Editor’s note: For a 
more extended discussion of this analogy, see the Bohm—Weber 
interview in this issue.] If you take a receiver, it has the ability to 
amplify very small radio wave signals. As you say, we can regard 
the radio wave as a morphogenetic field. And the energy in the 
receiver (which comes from the wall socket) is being given shape 
or form by the information in the radio wave itself, so you get a 
musical sound coming out of the speaker. Now in that case you 
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could say the radio wave possesses a very tiny energy compared to 
the energy in the radio coming from the wall socket. Thus, roughly 
speaking, there are two levels of energy; one is a kind of energy 
which is unformed but which is subject to being formed by very 
tiny impulses. The other is a field which is very much more subtle 
and which has very little energy in the usual sense of the word, but 
has a quality of form which can be taken up by the energy of the 
radio receiver. The point is that one might look at the implicate 
order that way; the subtler levels of the implicate order are affecting 
the energy in the less subtle levels. The implicate energies are very 
fine; they would not ordinarily even be counted as energies, and 
these implicate energies are giving rise to the production of 
electrons and protons and the various particles of physics. And 
these particles have been replicating so long that they are pretty 
well determined, or fixed in ‘cosmic memory’. 

Sheldrake: Yes, I think one could look at it that way. But whether 
these morphogenetic fields have a subtle energy or not — I don’t 
really know what to think about that. When I wrote my book, I 
tried to draw a very sharp distinction between formative causation 
and the ordinary kind of causation (energetic causation), the kind 
that people are familiar with (e.g. gravity, electricity). For two 
reasons: first, I wanted to make it clear that this formative causation 
is a different kind of thing from what we usually think of as 
causation. (It may not be so different when one takes into account 
causation through fields, as in physics.) But the second reason was 
that it is an important part of my theory that these morphic fields 
can propagate across space and time, that past events could 
influence other events everywhere else. Now if these fields are 
conceived of as energetic, in any normal sense of the word, most 
people assume that they could only propagate locally according to 
some sort of inverse square law, because most known energies — 
light, gravity, magnetism, etc. — fade out over distance. 

Bohm: But that doesn’t necessarily follow, you see. One of the 
early interpretations of the quantum theory I developed was in 
terms of a particle moving in a field. 

Sheldrake: The quantum potential. 

Bohm: Yes. Now the quantum potential had many of the 
properties you ascribe to morphogenetic fields and chreodes; that 
is, it guided the particle in some way, and there are often deep 
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valleys and plateaus, and particles may start to accumulate in 
plateaus and produce interference fringes. Now the interesting 
thing is that the quantum potential energy had the same effect 
regardless of its intensity, so that even far away it may produce a 
tremendous effect; this effect does not follow an inverse square 
law. Only the form of the potential has an effect, and not its 
amplitude or its magnitude. So we compared this to a ship being 
guided by radar; the radar is carrying form or information from all 
around. It doesn’t, within its limits, depend on how strong the 
radio wave is. So we could say that in that sense the quantum 
potential is acting as a formative field on the movement of 
the electrons. The formative field could not be put in three- 
dimensional [or local] space, it would have to be in a three-n 
dimensional space, so that there would be non-local connections, 
or subtle connections of distant particles (which we see in the 
Einstein—Podolsky—Rosen experiment). So there would be a who- 
leness about the system such that the formative field could not be 
attributed to that particle alone; it can be attributed only to the 
whole, and something happening to faraway particles can affect the 
formative field of other particles. There could thus be a [non- 
local] transformation of the formative field of a certain group to 
another group. So I think that if you attempt to understand what 
quantum mechanics means by such a model you get quite a strong 
analogy to a formative field. 

Sheldrake: Yes, it may even be a homology; it may be a different 
way of talking about the same thing. 

Bohm: The major difference is that quantum mechanics doesn’t 
treat time, and therefore it hasn’t any way to account for the 
cumulative effect of past forms. To do so would require an extension 
of the way physics treats time, you see. 

Sheldrake: But don’t you get time in physics when you have a 
collapse of the wave function? 

Bohm: Yes, but that’s outside the framework of quantum physics 
today. That collapse is not treated by any law at all, which means 
that the past is, as it were, wiped out altogether. [Editor’s note: 
This is the point where, as earlier mentioned, Bohm discusses 
some of the inadequacies of present-day quantum mechanics — in 
particular, its incapacity to explain process, or the influence of the 
past on the present. He then suggests his re-formulations — 
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injection, projection, the implicate order, etc. — that might remedy 
these inadequacies. And these re-formulations, apparently, are 
rather similar to Sheldrake’s theories.] 

You see, the present quantum mechanics does not have any 
concept of movement or process or continuity in time; it really 
deals with one moment only, one observation, and the probability 
that one observation will be followed by another one. But there is 
obviously process in the physical world. Now I want to say that that 
process can be understood from the implicate order as this activity 
of re-projection and re-injection. So, the theory of the implicate 
order, carried this far, goes quite beyond present quantum mech- 
anics. It actually deals with process, which quantum mechanics does 
not, except by reference to an observing apparatus which in turn 
has to be referred to something else. 

Sheldrake: Would you say that process at that level is a re- 
projection? 

Bohm: Yes. 

Sheldrake: And a re-injection at the same time? 

Bohm: Re-injection is exactly what the Schroedinger equation is 
describing. And re-projection is the next step, which quantum 
mechanics doesn’t handle (except by the arbitrary assumption that 
the wave function ‘collapses’ in a way that has no place in the 
physical laws, such as Schroedinger’s equation). 

Now, there’s one other thing that modern quantum mechanics 
doesn’t handle. Oddly enough, physics at present has no contact 
with the notion of actuality. You see, classical physics has at least 
some notion of actuality in saying that actuality consists of a whole 
collection of particles that are moving and interacting in a certain 
way. Now, in quantum physics, there is no concept of actuality 
whatsoever, because quantum physics maintains that its equations 
don’t describe anything actual, they merely describe the probability 
of what an observer could see if he had an instrument of a certain 
kind, and this instrument is therefore supposed to be necessary for 
the actuality of the phenomenon. But the instrument, in turn, is 
supposed to be made of similar particles, obeying the same laws, 
which would, in turn, require another instrument to give them 
actuality. That would go on an infinite regress. Wigner has 
proposed to end the regress by saying it is the consciousness of the 
actual observer that gives actuality to everything. 
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Sheldrake: But that doesn’t seem very satisfactory to me. 

Bohm: Nor to me, but apparently Wigner feels happy with this, 
as do some others. The point is, unless you extend quantum 
mechanics, there is no room in it for actuality, no room for any of 
the things you are talking about. So quantum mechanics as it 
stands now, I want to say, is a very truncated, limited, abstracted 
set of formulae which gives certain limited results having to do 
with only one moment of an experiment. But out of this truncated 
view, physicists are trying to explain everything, you see; the whole 
thing simply has no meaning at all. Think about it: modern physics 
can’t even talk about the actual world! 

Sheldrake: But how do you think we can get to a concept of 
actuality? 

Bohm: Well, I think through the implicate order. We have a 
projection of the whole to constitute a moment; a moment is a 
movement. And we can say that that projection is the actualization. 
In other words, the thing that physics doesn’t discuss is how 
various successive moments are related, and that’s what I say the 
implicate order is attempting to do. If we extended quantum 
mechanics through the implicate order, we would bring in just that 
question of how past moments have an effect on the present (i.e., 
via injection and re-projection). At present, physics says the next 
moment is entirely independent, but with some probability of being 
such and such. There’s no room in it for the sort of thing you’re 
talking about, of having a certain accumulated effect of the past; 
but the implicate order extension of quantum mechanics would 
have that possibility. And further, suppose somehow I were to 
combine the implicate order extension of quantum mechanics 
[which would account for the accumulated effects of the past] with 
this quantum potential [which would account for these effects 
being non-local in nature], then I think I would get things very like 
what you are talking about. 

Sheldrake: Yes, that would be very exciting! Of all the ways I’ve 
come across | think that’s the most promising way of being able to 
mesh together these sorts of ideas. I haven’t come across any other 
way which seems to show such possible connections. 

Bohm: If we can bring in time, and say that each moment has a 
certain field of potentials (represented by the Schroedinger 
equation) and also an actuality, which is more restricted (rep- | 
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resented by the particle itself); and then say that the next moment 
has its potential and its actuality, and we must have some connec- 
tion between the actuality of the previous moments and the potentials 
of the next — that would be introjection, not of the wave function 
of the past, but of the actuality of the past into that field from 
which the present is going to be projected. That would do exactly 
the sort of thing you’re talking about. Because then you could 
build up a series of actualities introjected which would narrow 
down the field potential more and more, and these would form the 
basis of subsequent projections. That would account for the 
influence of the past on the present. 

Sheldrake: Yes, yes. Now how do you think this ties in with the 
alleged matter waves in DeBroglie’s equation? 

Bohm: That’s exactly where we started. These matter waves are 
the formative cause, and that was what DeBroglie originally 
suggested. However, he wanted to regard the matter wave as just 
simply a real three-dimensional wave in time, and that doesn’t 
work well. The formative field is a far better interpretation. The 
quantum potential is the formative field which we derive from the 
generalized DeBroglie waves. And we say that the particle is the 
actuality, affected by the formative field. The set of particles, the 
whole structure of all the particles forming a system, is the actuality 
of that formative field. 

But that model by itself still ignores time, so the next step is to 
bring in time, to say that there’s a succession of moments of time 
in which there is a recurrent actuality. And we would say that what 
recurs is affected by the formative field. But then that formative 
field is affected by what has previously happened, actually. Now 
that would help to remove most of the problems in physics, if we can 
manage it. {Editor’s italics.] And it would tie up closely with the 
.sort of thing that you’re talking about. 

See, at present we say that the wave function as potential spreads 
out very fast and then it suddenly collapses into some definite 
actual state for reasons totally outside the theory. So we say it 
requires a piece of measuring apparatus to do so. Then another 
collapse, and the only continuity of this system would be achieved 
by an infinite set of measuring apparatuses that would keep it in 
observation all the time, and these observation apparatuses in turn 
would have to be observed to allow them to exist actually, and so 
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on. And the whole thing vanishes in a fog of confusion. Because 
people take the present mathematics as sacred, they say these 
equations in their general form are never to be altered, and then 
they say here we are with all these strange problems. But you see 
almost no one wants to introduce anything fundamentally different 
into this general framework. 

Sheldrake: So the DeBroglie interpretation is the way you’re 
thinking of developing. You’d have this recurrent actualization of 
something which is continually associated with the formative field. 

- Bohm: And the present formative field is affected by past actualiz- 
ations. In the present quantum mechanics there is no way to have 
the formative field affected by anything at all, including the past, 
because there’s only one moment that you can talk about. You 
can’t find anything that would affect the formative field, and that’s 
the problem. 

Sheldrake: Yes, I see. Now this is a closely related topic: What 
Pm talking about with morphogenetic fields has to do with physical 
forms and habitual patterns of behaviour. The connection of these 
ideas to the thought process itself is not obvious, although they’re 
certainly related. If you start framing the whole topic in physical 
terms, as I do with morphogenetic fields, then you have to speak in 
terms of morphic resonance, the influence of past forms on present 
ones through the morphogenetic field by a kind of resonance. If, 
however, you start using psychological language, and you start 
talking in terms of thought, then you’ve got a handier way of 
thinking of the influence of the past, because with mental fields 
you have memory. And one can extend this memory if one 
thinks of the whole universe as essentially thought-like, as many 
philosophical systems have done. You could say that if the whole 
universe is thought-like, then you automatically have a sort-of 
cosmic memory developing. There are systems of thought that take 
exactly this view. One of them is a Mahayana Buddhist system — 
the idea of the Alayavijnana, store consciousness, is rather similar 
to the idea of cosmic memory. And the Theosophists I think took 
over some of that in the idea of the Akashic record. The entire 
universe is, in one school of Hindu thought, Vishnu’s dream. 
Vishnu dreams the universe into being — it has the same kind of 
reality as a dream, and because Vishnu is a long-lasting god, who 
goes on dreaming for a long time, it retains a certain consistency. 
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There’s memory within that dream; what he dreamed about in the 
past tended to repeat itself, having its own laws and dynamics. All 
of those systems of thought have memory built into them. So you 
could phrase the whole thing in psychological language. But that 
doesn’t really help to make much contact with modern physics and 
our modern scientific way of looking at the world. So, in a sense 
notions like the implicate order seem to be a better way of 
approaching the problem, because implicate order is neutral in 
connotation. It is something that can underlie both physical reality 
and thought. So it transcends the usual materialist-idealist dichot- 
omy, which says either all of reality is thought-like or all of reality 
is matter-like. The implicate order idea has the big advantage of 
transcending that distinction. 

Bohm: In fact its very essence is that transcendence. 

Sheldrake: If we take a broader view of creativity, we have the 
idea of the overall evolutionary process; now that’s clearly a creative 
process. How do you think that kind of evolutionary creativity is 
related to this model? 

Bohm: You could speculate that a great deal of life is the constant 
replication of forms which are given with small variations, and 
that’s similar to our experience of thought: a constant replication 
of pattern within variation. But then we wonder, ‘How does it ever 
come about that we get variations — that we get beyond that pattern?” 

Sheldrake: Yes, creative ‘jumps’. 

Bohm: ‘Jumps’ — yes; you see we call it ‘jumps’ when it’s 
projected into the fixed categories of thought. If you were to say 
that there’s a proto-intelligence or implicit intelligence in matter as 
it evolves, that it’s actually not moving causally in a sequence but is 
constantly created and replicated, then there is room for such a 
creative act to occur, and to project and introject a creative content. 

Sheldrake: The thing that’s involved in this creativity seems to be 
something which links things together, a wholeness which embraces 
parts and sets up relationships between them. They’re linked 
together within a new whole, which didn’t exist before. In this 
creative realization, two previously separate things have been linked 
together within a whole. 

Bohm: Yes. They’re now seen as mere aspects of the whole 
rather than independent existences. You have realized a new 
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whole, and from that realization you may create an external reality 
as well. 

Sheldrake: So the creative process, which gives rise to new 
thought, through which new wholes are realized, is similar in that 
sense to the creative reality which gives rise to new wholes in the 
evolutionary process. The creative process could be seen as a 
successive development of more complex and higher-level wholes, 
through previously separate things being connected together. 

Bohm: And being realized now as not only independent parts, 
but aspects of a greater whole that has new qualities. 


Sheldrake: Right, and that realization of a greater whole is what 
actually creates the greater whole — 


Bohm: Yes, and it could even propose it, as in imagination, or a 
flash of insight, you realize the whole in the mind and you further 
realize it outside by work. So you might suppose, say, that somehow 
nature realizes that it’s being presented with various things that 
now have to be brought together. Nature realizes this greater 
whole at a deeper level, which is analogous to imagination, and 
then it unfolds it into the external environment. In a way a flash of 
creative insight occurs in the biological system. 

Sheldrake: Exactly. Now do you think that these relations between 
things which make them part of the greater whole could, way back 
in time, have given rise to the fundamental forces of physics? For 
example, could the gravitational forces that link together all matter 
have arisen through an original creative insight that all matter was 
one? 

Bohm: One could say that in bringing together various things 
which previously had been disparate, suddenly there was a realiz- 
ation of their oneness and this created a new whole which is the 
universe, as we know it anyway. We can say that nature has an 
intent, you see, which is much deeper than what appears on the 
surface. 

Sheldrake: Now, as to whether natural laws are eternally given or 
whether they are gradually built up — how do you see that? 

Bohm: I think, in view of the implicate order, that the notion of 
formative fields gradually becoming necessary is what is called for. 
Even modern physics is pointing to that idea by saying there was a 
time (i.c., prior to the Big Bang) before any of these units 
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(molecules, quarks, atoms), on which we are basing the necessity, 
even existed. So, if you said there were certain fixed and everlasting 
laws of the molecules and atoms, then what would you say if you 
traced it back to the time before the atoms and molecules existed? 
Physics can say nothing about that, right? It can say only that there 
was a formation of these particles at a certain stage. So there 
would have to be an actual development in which the necessity in a 
certain field grew more and more fixed. You can even see that 
happening as you cool down a substance that liquifies; at first you 
get little clumps of liquid which are transient, and then they get 
bigger and more determinate. Now physicists explain all this by 
saying that the laws of the molecules are eternal; molecules are 
merely consequences of those laws, or derived from those laws. 
But if you follow that back and ask, Where were molecules? Well, 
they were originally protons and electrons, which were originally 
quarks, which were originally sub-quarks. And it goes right back to 
a stage where none of the units we know even existed, so the 
whole scheme sort of fades out. It’s then open to you to say that, in 
general, fields of necessity are not eternal; they are constantly 
forming and developing. 

Sheldrake: I think that the current conventional and scientific 
picture hasn’t really faced up to this at all. You see, science started 
with a sort of neo-Platonic, neo-Pythagorean notion — the idea of 
timeless laws — which has been taken for granted in science for a 
very long time. I think that when the evolutionary theory in biology 
came in, it triggered the beginning of change. We then had an 
evolutionary view of reality regarding animals and plants, but it was 
still considered that there was a timeless background of the physical 
world, the molecular and atomic world. Now we’ve gone to the 
cosmology of the Big Bang, which is fairly widely accepted. So 
now we've got the idea of the entire universe as being a radically 
evolutionary universe. And this, I think, provokes a crisis, and 
should provoke a crisis. The idea of timeless laws that have always 
been there, somehow pervading space and time, ceases to have 
much meaning when you have an actual historical Big Bang, 
because you then have this problem: where were the laws before 
the Big Bang? 

Bohm: There is also the belief, commonly accepted, that at the 
core of black holes the laws as we know them would also vanish. 
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As you say, scientists haven’t faced up to it because they are still 
_ thinking in the old way, in terms of timeless laws. But some 
physicists realize that. One cosmologist was giving a talk and he 
said, ‘Well, you know, I used to think everything was a law of 
nature, and it’s all fixed, but as far as a black hole is concerned, 
anything can happen. You see, if it suddenly flashed a Coca Cola 
sign, this would still be a possibility.’ [Laughter.] So, the notion of 
timeless laws doesn’t seem to hold, because time itself is part of 
the necessity that developed. The black hole doesn’t involve time 
and space as we know it; they all vanish. It’s not just matter that 
vanishes, but any regular order that we know of vanishes, and 
_ therefore you could say anything goes, or nothing goes. 

Sheldrake: The interesting thing about the Big Bang theory is 
that the minute you have to address the question of the origins of 
the laws of nature, you’re forced to recognize the philosophical 
assumptions underlying any sort of science. People who think 
_ of themselves as hard-nosed mechanists or pragmatists regard 
metaphysics as a waste of time, a useless speculative activity, 
whereas supposedly they are practical scientists getting on with the 
job. But you can force them to realize that their view of the laws of 
nature as being timeless, which is implicit in everything they say or 
think or do, is in fact a metaphysical view. And it’s one possible 
metaphysical view, it’s not the only possible one. I talk with 
biological friends, and they say, Oh, what you’re doing is metaphys- 
ics. So I say, Wait a minute, let’s look at what you’re doing. And 
then you confront them with the question of where were the laws 
of nature before the Big Bang. And most of them say, Well, they 
must have always been there. And you say, Where? There’s no 
matter in any sense that we know of before the Big Bang. Where 
were these laws of nature, sort of free floating? And they say, Well, 
they must have been there somehow. And then you say, Don’t you 
think this is a rather metaphysical concept, in any literal sense of 
metaphysics, because it’s quite beyond existing physics? They have 
to admit it sooner or later. As soon as you get into that sort of area, 
the certainty that so many scientists think their view of the world is 
founded on simply disappears. It becomes clear that current science 
presupposes uncritically one possible kind of metaphysics. When 
one faces this, one can at least begin to think about it rather than 
accepting one way of thinking about it as self-evident, taken for 
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granted. And if one begins to think about it, one might be able to 
deepen one’s understanding of it. 


A.3 Competitions 


In October 1982 the Tarrytown Group, of New York, announced the 
offer of a $10,000 prize for the best test of hypothesis of formative 
causation to be performed before 1 January 1986. The prize may be 
awarded for experimental results which either tend to support the 
hypothesis, or go against it. Entries will be judged by an international 
panel of scientists, Professor David Bohm, Professor Marco de Vries, 
Professor David Deamer, and Professor Michael Ovenden. A Dutch 
foundation is offering a second prize of $5,000 in the same competition, 
and the publishers of the German edition of A New Science of Life, 
Meyster Verlag, of Munich, are offering a third prize. 


Details of the competition can be obtained by writing to Robert 
L. Schwartz, Tarrytown Group, Tarrytown Conference Center, East 
Sunnyside Lane, Tarrytown, NY 10591, USA. 


On 28 October 1982, coinciding with the announcement of the 
Tarrytown Prize, the New Scientist opened a competition for designs of 
experiments which would ‘critically explore’ the hypothesis of formative 
causation, with a special emphasis on ‘experiments that can be done 
cheaply and easily: by graduate students or even sixth formers rather than 
specialist institutions’. The results were published on 28 April 1983: 


The first prize has now gone to Dr Richard Gentle, a specialist in 
fluid mechanics at Nottingham University. His idea is beautifully 
simple. He sent us a Turkish nursery rhyme, in Turkish, along 
with a jumbled version that still rhymes. Sheldrake’s hypothesis 
predicts that it should be easier for people who do not speak 
Turkish to learn the real rhyme, even though it seems no less 
opaque to non-Turkish speakers than the fake one, because 
millions of Turks have already learned the rhyme in the past. 

Our judges were four distinguished scientists: Professor Martin 
Rees, director of the Institute of Astronomy, Cambridge; Dr Alan 
Gauld of the Department of Psychology of the University of 
Nottingham; Professor Steven Rose of the School of Biological 
Sciences at the Open University; and Dr Peter Davies of the 
Department of Zoology, University of Nottingham. They liked the 
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elegance of Dr Gentle’s idea, and the fact that it required no great 
resources. Any interested person (a school-teacher?) could carry it 
out. 

However, critics have already refined Dr Gentle’s idea. They 
point out that nursery rhymes are not nursery rhymes for nothing: 
it could be that the genuine Turkish nursery rhyme is intrinsically 
more memorable than the nonsense rhyme; nursery rhymes, after 
all, catch on in part because they have an innately pleasing rhythm. 

But a leading Japanese poet, Shuntaro Tanikawa, has provided 
Rupert Sheldrake with an old Japanese rhyme, and has specially 
written a genuine poem and a nonsensical poem, all with the same 
rhyme and metre. Will Westerners find the old rhyme easier to 
learn than the equally euphonious ‘control’ rhymes, since the 
Japanese have already learnt it? 

Two other experiments share second place and win £100 each. 
Dr Susan Blackmore, of the Brain and Perception Laboratory of 
the University of Bristol, suggests that a group of babies be trained 
to use a ‘baby-operated tape player’ invented by Tom Troscianko 
and herself, which will shortly be released on to the market. Six 
months later, after thousands of babies have learned to operate this 
device, more babies are introduced to the tape player. Sheldrake’s 
hypothesis predicts that the second group should learn to operate 
the machine more quickly. But this test is rather more costly and 
time-consuming than Gentle’s idea and one judge felt that the 
variability in the way babies are normally cared for could introduce 
‘noise’ into the experiment. 

Dr Vernon Neppe, a visiting lecturer at NY Hospital-Cornell 
Medical Center, also wins £100. He suggested inducing seizures 
in rats by repeatedly dosing them with the drug lignocaine, in 
small amounts that do not at first induce seizures. Eventually this 
procedure permanently enhances the sensitivity of the rats to the — 
drug: the phenomenon is known as kindling. Once one group of 
rats has been treated, kindled seizures should occur more rapidly 
in other rats of the same strain, according to Sheldrake’s hypoth- 
esis. This experiment is rather costly, however, and one judge felt 
that the immense amount of work already done on chemical 
kindling in rats would muddy the waters. 

Our own competition is ended: our congratulations to the 
winners, and our thanks to the judges and to the many entrants, 
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who produced some excellent ideas and criticisms. The Tarrytown 
offer continues, however, until the end of 1985. The Tarrytown 
competition might incidentally be unique (and our prize vicariously 
so): for when in the past has money been offered for an experiment 
to test an idea? 


A.4 Experiments 


Following Dr Gentle’s ingenious suggestion, I carried out experiments in 
Britain and the United States in which people were asked to memorize 
three Japanese rhymes, which they did by chanting them to the tune used 
by generations of Japanese children. They were not, of course, told which 
was the genuine nursery rhyme, and which were newly composed by the 
poet Shuntaro Tanikawa. The results, published in Brain/Mind Bull- 
etin (12 September 1983), showed that 62% of the people tested found 
the genuine nursery rhyme easiest to learn. This result was highly 
significant statistically; only 33% would have been expected to find this 
easiest by chance. However, a major objection to this procedure is that the 
nursery rhyme may have been intrinsically easier to learn, simply because 
only easy-to-learn verses could become nursery rhymes in the first place. 
The only way of ruling out this objection would be to carry out an 
experiment using several new rhymes, in Japanese for example, of similar 
metre and sound structure. These would be tested on people in Britain, 
say, and three rhymes which were of similar difficulty would be selected. 
Then one of the rhymes, chosen at random, would be learned by many 
thousands of people in the USA. Subsequently, subjects would be tested 
with all three rhymes in Britain. According to the hypothesis, the rhyme 
learned in America should now have become easier to learn in Britain 
than the others. But the problem is that carrying out this test would 
depend on asking large numbers of Americans to memorize a foreign 
rhyme which was meaningless to them, and they would probably have 
little incentive to do this. 

When I was discussing this experiment with Dr Nick Humphrey, he 
came up with a more practicable suggestion for an experiment using 
pictures containing hidden images. Such pictures often seem to make no 
sense at first, or to contain only vague hints of patterns. But seeing the 
underlying image involves a sudden Gestalt effect, as the picture takes on 
a definite meaning. Once this has happened, it is difficult not to recognize 
it, and hard to believe that others cannot see it. 
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If the hypothesis of formative causation applies to the recognition of 
` such images, as I believe it should do, then there should be a tendency for 
a hidden image to become easier to see if many other people have already 
seen it. 

In the summer of 1983, Thames Television, with the help of researcher 
David Wilson, producer Valerie Brayden and editor John Tagholm made 
it possible to conduct an experiment along these lines. The results were 
published in the New Scientist on 27 October 1983: 


Formative causation: the hypothesis supported 


The revolutionary idea that the form of things and the behaviour 
of organisms is influenced by ‘morphic resonance’ emanating from 
past events challenges much of modern science and has raised ire 
in many scientists. But evidence grows that the ‘hypothesis of 
formative causation’ may be correct. 


On a programme called A Plus, broadcast on ITV throughout the 
UK from 2 to 2.30 P.M. on 31 August, a picture containing a 
hidden image was shown to about two million viewers. After a 
short while, the answer was revealed, and this then ‘melted’ back 
into the puzzle picture, so that the previously hidden image was 
now readily apparent. The same picture was shown once more at 
the end of the programme. 

The experiment actually involved two pictures (Figures 1 and 2), 
which were specially produced by Morgan Sendall. They were 
designed to be difficult, so that only a small minority of people 
would be able to spot the hidden images. I sent them during 
August to collaborators in the British Isles, continental Europe, 
Africa and the Americas. Each experimenter showed both pictures 
to a group of subjects during the few days before the TV. 
transmission on 31 August, and then within a few days afterwards 
to another group of comparable subjects; for example, if students 
were tested beforehand, a similar group of students was tested 
afterwards. The pictures were shown for 1 minute each, always 
with Figure 1 first, and the number of people who ‘got’ them was 
recorded. In most groups, subjects wrote their answers down, but 
in some the experimenter interviewed them individually. Only 
unambiguous answers were scored as ‘hits’, for example ‘lady with 
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a hat’ for Figure 1 or ‘cossack with a big moustache’ for Figure 2. 
Precautions were taken to prevent subjects communicating the 
answers to each other. 

The experimenters did not know which of the pictures was 
going to be shown on television; and neither did I. The one that 
was not shown served as a control. Thus a specific effect of the 
type predicted should have led to an increase in the proportion of 
people getting the test picture after the TV broadcast, whereas 
there should have been either a smaller increase or no increase at 
all in the case of the control. 

In fact, Figure 2 was shown on television, and Figure 1 served 
as the control. The results of the experiment are given in the 
Table. Taking all the data together, the proportion getting Figure 
2 increased by 76 per cent. This increase is statistically significant 
at the 1 per cent level of probability (that is, there is a probability 
of less than 1 in 100 that this result was obtained by chance). The 
proportion getting the control increased by only 9 per cent, which 
is not statistically significant. 

An obvious objection is that some of the subjects who were 
tested after the TV broadcast might have seen the answer to 
Figure 2 on television, despite the precautions to exclude anyone 
who happened to have seen the TV programme, or who had 
been told the answer by someone else. Moreover, if any of 
the experimenters had watched the programme, they could have 
influenced the subjects by means of subtle cues, or have been 
biased in their scoring. These objections have some force in 
relation to the data from Britain and Ireland, where the programme 
was transmitted. However, when the data from Britain and Ireland 
are excluded, the results from the rest of the world still show an 
increase in the proportion of people getting Figure 2; indeed the 
percentage nearly tripled (Table). This increase is statistically 
significant at the 1 per cent level of probability. Again, the control 
showed a much smaller increase (22 per cent), which is not 
significant statistically. 

None of the experimenters nor the subjects outside the British 
Isles saw the TV transmission, nor were they informed which of 
the pictures had been shown on TV. So these results are not open 
to the objections that might apply to those from Britain and Ireland. 
It could, of course, be suggested that the overseas experimenters or 
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subjects found out which figure had been shown, for example 
by telephoning acquaintances in Britain; but all the overseas 
experimenters informed me that they did not know the answer, 
and it seems to me most unlikely that there could have been any 
conscious or unconscious deception. 

Obviously, this experiment can be regarded only as preliminary, 
and the positive results may be explicable in terms of factors other 
than morphic resonance. However, the outcome is encouraging 
enough to make it seem worth repeating this type of experiment on 
a larger scale. 

I am very thankful to the experimenters who collected the data; 
the test could not have been done without them. If this is to be 
done again on a larger scale, more experimenters will be required 
all over the world. If you are interested in taking part in this way, 
please write to me c/o The Koestler Foundation, 10, Belgrave 
Square, London SW1X 8PH. 

I am grateful to Dr Nick Humphrey and Dr Patrick Bateson, 
FRS for helpful discussions of the experimental design and results. 

Rupert Sheldrake 


How exposure influenced results 
Numbers of people seeing the hidden images in Figures 1 and 2 before and 
after Figure 2 was shown on television. The data are from seven locations in 
Britain and Ireland (Cambridge, Dublin, Edinburgh, London, Newark, 
Norwich and Oxford) and from seven locations elsewhere (Davos, Switzerland; 
Lucca, Italy; Capetown and Stellenbosch, South Africa; Santa Maria, 
Colombia; Kansas City, Missouri; and Palm Beach, Florida, US). 


Excluding Britain 
Whole World and Ireland 
Number of people Before After Before After 
Total tested 1053 847 754 576 
Getting Figure 1 only 63 45 34 29 
Getting both Figure 1 and 2 34 40 9 11 
Getting Figure 2 only 7 18 0 8 


Total getting Figure 1 97 85 43 40 
(9.2%) (10.0%) (5.7%) (6.9%) 
41 58 9 19 


(3.9%) 


Total getting Figure 2 


(6.8%) (1.2%) (3.3%) 


The second experiment (using new puzzle pictures) has only just been 
completed, with the help of Jack Weber, a producer on the BBC's 
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‘Tomorrow's World’ programme, and with the participation of over a 
hundred volunteer experimenters, many of whom wrote to me after 
reading about the previous experiment in the New Scientist. The results 
are summarized in the following account. 


BBC Television hidden image experiment 

An experiment to test the hypothesis of formative causation was 
carried out in conjunction with the BBC in November 1984. The 
design was similar to the previous experiment, and involved two 
pictures containing hidden images. These pictures were sent to 
experimenters all over the world, who tested groups of subjects to 
find out what proportion correctly recognized the hidden images 
within 30 seconds of being shown them. Such tests were carried 
out over a 5 day period before the TV transmission, and on 
different subjects over a 5 day period after the transmission. On 
the ‘Tomorrow’s World’ programme, 8 million viewers were shown 
one of the hidden images, and the answer was then revealed. After 
they had learned to recognize it, they were shown the hidden 
image again. The purpose of the experiment was to find out if this 
made it easier for other people to spot the hidden image, in parts 
of the world where they could not possibly have seen the BBC 
transmission. 

The experimenters were told that the transmission would either 
be on 8 Nov. or on 15 Nov., and that the picture to be shown 
would be chosen at random. Some were asked to carry out tests 
before and after 8 Nov., others before and after 15 Nov. In fact the 
transmission was on 15 Nov., and the 8 Nov. tests served as a 
control. The picture randomly selected at the time of transmission 
was Fig. 1 (a cowboy on horseback), and Fig. 2 (a dancing couple) 
was therefore the control. 

Tests were carried out in 121 locations, and altogether 6,265 
subjects were tested. 

The results are surprising, and show a strange disparity between 
Europe and North America. A positive effect was obtained in 
Europe (Finland, France, Germany, Italy, Sweden, Switzerland 
and Yugoslavia), with an overall increase in the proportion getting 
Fig. 1 of 32%. There was practically no change in the proportion 
getting Fig. 2. This result is statistically significant at the 2.5% 
level of probability by x? test on the overall data, and at the 2% 
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level by the Wilcoxon signed rank matched pairs test on the sets of 
data from individual experimenters. 

In the Southern hemisphere (Australia, New Zealand and South 
Africa), there was an overall positive effect, with an increase in the 
proportion getting Fig. 1, but this was not statistically significant. 

In North America (Canada and USA), there was no significant 
effect at all. 

The disparity between Europe and North America is very 
puzzling. I would not expect morphic resonance effects to be 
distance-dependent. One possible explanation has been ‘suggested 
to me by Dr Nick Humphrey: it could be that in Europe, where 
the time difference from Britain is only 1 hour, people were more 
: Gn phase’ with the British TV audience than people in America, 
with a 5—8 hour time difference. It is obviously important to find 
out whether this effect is repeatable. 

In the control test conducted before and after 8 Nov. (tests 
conducted only in America), there was some increase in the 
proportion getting Fig. 1, but this was not statistically significant. 
(If there had been a real increase in the proportion getting Fig. 1 
as a result of the test procedure alone, then a similar increase 
should have shown up in the American data for the 15 Nov. tests: 
but this did not happen.) 

The aggregate data are shown below. 


BEFORE AFTER 


| Total Fig. 1 Fig. 2 Total Fig. 1 Fig. 2 
tested total total tested total total 
America: 8 Nov. 


368 . 38 (10.3%) 42 (11.4%) 437 54(12.3%) 49 (11.2%) 


America: 15 Nov. 
1475 246 (16.7%) 161 (10.9%) 1432 218 (15.2%) 171 (11.9%) 


Europe: 15 Nov. 
1045 102 (9.8%) 76 (7.3%) 1139 147 (12.9%) 79 (6.9%) 


Southern Hemisphere: 15 Nov. 
174 : 22 (12.6%) 17(99.8%) 195  37(19.0%) 20 (10.2%) 


Clearly, this experiment needs to be followed up; and in fact 
another test, with new puzzle pictures, is being planned by a group 


Experiments 265 - 


in Germany. The broadcast of the answer to one of the pictures to 
about 6 million viewers will be carried out by Norddeutscher 
Rundfunk (North German TV). ‘Before’ and ‘after’ tests will be 
made in continental Europe outside the range of German TV, in 
the British Isles and in North America. 

I am grateful to Dr Nick Humphrey and Dr Jeremy Cherfas for 
their help in designing the experiment, and in analysing the results. 


March 1985. 


The Tarrytown Prize was awarded in June 1986. Details of the winning 
entries are given in my latest book, The Presence of the Past (Collins, 
1988). 

March 1988. 
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